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Introduction 

Improved performance of turbojet and turbofan engines is 
typically accompanied by increased cycle pressure ratio and 
combustor-exit gas temperature. Gas pressure levels of 350 to 
450 psia and gas temperatures of 2500 °F exist in some current 
operational engines, while pressure levels up to 600 psia with 
temperatures of 2800 °F are anticipated in advanced commer- 
cial engines. Pressures and temperatures for military applica- 
tion engines could be even higher. The continuing increases in 
turbine-entry gas pressure and temperature of the modem gas- 
turbine engine and its high development cost put a premium on 
an accurate, initial, aerothermal design of the turbine hot- 
section hardware. It is also vital that an interdisciplinary 
approach to engine design be taken. 

The design goals for commercial jet engines include high 
cycle efficiency, increased durability of the hot-section 
components (lower maintenance costs), and lower operating 
costs. These goals are contradictory in that high cycle effi- 
ciency requires minimizing the cooling-air requirements and 
increasing temperature and pressure, while increased durabil- 
ity requires metal temperatures and temperature gradients to 
be minimized. An optimum design can only be realized through 
an improved understanding of the flow field and the heat- 
transfer process in the turbine gas path and the structural 
response of the component to the applied loads. 

Sophisticated computer design codes are being developed 
which have the potential of providing the designer with 
significantly better initial estimates of the flow field and heat 
load on the hot-section components. These codes are generally 
evaluated and verified through low temperature and pressure 
research in cascades and tunnels. However, by design, these 
facilities do not model all of the processes that exist in a real 
engine environment. Therefore, the ability of the design codes 
to predict the interaction of the various parameters can not be 
fully evaluated. 

The Turbine Hot Section Facility at the NASA Lewis 
Research Center provides a “real engine” environment with 
known boundary conditions. Experimental data at high tem- 
perature and pressure conditions can be obtained to verify 
aerothermal performance prediction codes and to evaluate 
thermal scaling techniques. 

Much of the data reported herein has been reported in other 
publications (refs. 1 to 5). The purpose of this report is to 
summarize the relevant research data obtained in the Turbine 


Hot Section Facility and to make the data base available for 
further analysis. 

The facility, configured as an annular cascade for the initial 
research testing and rig qualification, is capable of providing 
test conditions up to 2500 °F and 270 psia. This corresponds 
to a vane-exit Reynolds number range of one-half million to 
three million. The component cooling air can be independently 
modulated between 150 and 800 °F, thus providing gas-to- 
coolanl temperature ratios corresponding to current engine 
applications. Two types of experiments are reported: Full- 
Coverage-Film-Cooled (FCFC) experiments and Special 
Instrumentation experiments. 


Symbols 

C chord length 

c p specific heat 

/ frequency, Fourier components 

g c gravity constant 

h heat transfer coefficient 

k thermal conductivity 

L pressure or suction surface length 

P pressure 

q heat flux 

R gas constant 

Re Reynolds number 

r radial position 

T temperature 

u blade velocity 

V velocity 

W relative velocity 

w mass flow rate 

X total distance around airfoil 

x distance along airfoil 

y specific heat ratio 

T] film cooling effectiveness, combustor efficiency 

0 temperature difference ratio 

H viscosity 
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p density 

0 overall cooling effectiveness 

Subscripts: 

aw adiabatic wall 

c coolant 

cal calculated 

ci coolant inlet 

cr critical 

g gas 

ge effective gas 

1 inner radius (hub) 

in inlet 

meas measured 

o outer radius (tip) 

ref reference temperature 

theo theoretical 

w wall 

wo outer wall 

4 combustor exit station 

5 vane row exit station 

6 blade row exit station 

Superscripts: 

average 

total 


Facility 

General Description 

The physical layout of the Hot Section Facility (HSF) is 
shown in the perspective view in figure 1(a). This facility is 
unique because of its fully automated control of the research 
rig through an integrated system of minicomputers and pro- 
grammable controllers. The major components of this facility, 
and how they interface to provide a realistic engine environ- 
ment, are shown in the flow diagram in figure 1(b). This 
facility is discussed in more detail in references 1 and 2. 

The main air supply system provides air at 150 psia to a 
nonvitiated preheater. The preheater modulates the air 
temperature between ambient and 500 °F. Through a set of 
routing valves, two modes of operation can be selected. The 
compressor bypass mode can provide air to the test rig at 
150 psia (10 atm) and up to 500 °F. The compressor mode can 
provide air to the research rig up to 300 psia (20 atm) and at 
temperatures up to 850 °F when the heat of compression is 
utilized. 


There are two independent test stands in the Hot Section 
Facility: a turbine rig (called the Turbine Hot Section Facility) 
and a combustor rig. The combustor rig is used to develop and 
document the combustor exit temperature profile and its 
efficiency as a heat source for the turbine rig. Three pairs of 
instrumentation rakes (temperature, pressure, and exhaust 
products), located at the exit of the combustor, are used to 
document the circumferential and radial profiles and to pro- 
vide a known input profile for the vane row. 

TVirbine Rig Configuration 

Across section of the Turbine Hot Section Facility is shown 
in figure 2. The major components consist of a heat source 
(combustor), the full annular vane row (cascade), an exhaust 
duct line, a quench system (to lower the temperature of the 
exhaust gas), and the vacuum exhaust system. Note that the 
turbine rotor blades are removed for these tests. 

The 20-inch-tip-diameter vane row consists of 36 stator 
vanes that are separated into two groups: 10 test vanes and 26 
slave vanes. The test-vane and slave-vane cooling air is 
supplied from two separate manifolds, with the flow rates to 
each manifold independently controlled. The cavity directly 
over the vane row feeds cooling air to the slave vanes, while 
a separate manifold (downstream of the stator row) feeds 
cooling air to the test vanes. Individual supply tubes then feed 
cooling air to each test vane. 


Experimental Stator Vanes 

Two types of stator vane configurations are tested in these 
experiments: a Full-Coverage-Film-Cooled (FCFC) vane set 
and a specially instrumented vane set. Each is described in the 
following sections. 

The vane-row hub and tip diameters are 17 and 20 inches, 
respectively. Both the vane height and the vane axial chord are 
1.5 inches. More detailed geometric data are given in table 1 
and reference 6. 

FCFC Experiments 

Vane description. —A typical FCFC test vane and slave 
vane are shown in figure 3(a). The test vane shown in the 
figure is in its finished form, while the slave vane is shown in 
a partially finished form. The full-coverage film-cooled vane 
has an impingement insert to augment the coolant-side heat 
transfer. 

The stator case for the FCFC vanes is shown partially 
assembled in figure 3(b). The 10 test vanes and some instru- 
mentation leads are clearly shown. A detailed airflow calibra- 
tion of each test vane is performed before installation in the 
stator case. This information is used to select the 1 0 test vanes 
with similar flow characteristics and to provide “pressure 
loss” coefficients for a computer code. 
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Instrumentation. — A summary of the turbine rig research 
instrumentation is shown on figure 4(a). Gas-path conditions 
(e.g., temperature and pressure) are monitored and recorded at 
axial stations 4, 5, and 6. Three radially traversing probes are 
mounted at stations 4 (combustor exit) and 6 (rotor exit, when 
it is installed). Radial gas-path surveys of both temperature 
and pressure are recorded from vane hub to vane tip. 

Station 4 can also utilize an optical probe for infrared 
photography for surface-temperature mapping of the vanes. 
The infrared data-recording and data-reduction procedures 
are discussed in reference 7. An example of the thermal image 
mapping was reported in reference 1. 

Cooling air flow to each of the cooled components is 
weight-flow controlled and measured by venturis in each of 
the supply lines. Both cooling-air temperatures and pressures 
are measured in the internal manifolds of each cooling-air 
system. The vanes have thermocouples and pressure-sensing 
tubes to measure gas-stream conditions, gas-side metal tempera- 
tures, and cooling-air-side pressures and temperatures. 

Research instrumentation for the FCFC vane is primarily 
for the conventional steady-state pressure and temperature 
measurements. In addition to the conventional transducer-per- 
channel pressure measurement, the HSF uses a pressure- 
measuring system that can multiplex the pneumatic signals. 
This system uses a single transducer to measure 48 pressure 
channels. Six of the pressure channels are used for calibration. 
The turbine rig has three of these systems providing 126 
pressure measurements. 

A cross-sectional schematic of the FCFC vane airfoil is 
shown in figure 4(b). Also shown is a composite summary of 
instrument sensor locations on the airfoil. The locations shown 
represent either metal-temperature or static-pressure mea- 
surements. Because each airfoil could accommodate only a 
limited number of instrument grooves, the temperature or 
pressure distributions reported are composed of measure- 
ments from several airfoils in the test-vane sector of the 
annulus. 

Special Instrumentation Experiments 

Vane description. — This vane has the same physical 
dimensions as those of the FCFC vane. However, this vane is 
a hollow shell without film cooling and without an internal 
insert to augment the coolant-side heat transfer. Cooling air is 
supplied to the vane through the vane tip and exhausted into a 
plenum at the vane hub. Because the leading- and trailing- 
edge regions are undercooled, the combustor-exit gas tem- 
perature is restricted for these tests to maintain reasonable 
airfoil metal temperatures. 

Instrumentation. — Both steady-state and transient tests 
are conducted on these vanes. For the transient tests, the 
primary instrumentation includes a dual-element, fast-response 
gas-temperature probe (fig. 5) and thin-film thermocouples 
(fig. 6) to measure airfoil surface temperature and heat flux. A 


schematic of the thin-film thermocouple layout is shown in 
figure 7. Tests performed to determine the local heat-transfer 
coefficients are reported in reference 4 in more detail. 

Instrumentation for the steady-state tests consists of heat- 
flux gages (fig. 8) and a complement of gas-path temperature 
and pressure sensors, as well as airfoil temperature and pres- 
sure sensors, for monitoring the test conditions. Two types of 
heat-flux gages are used: the Gardon type and the paired- 
thermocouple type. Four Gardon-type gages are installed on 
the pressure surfaces of two airfoils, and four paired- 
thermocouple type gage are installed on the pressure surfaces 
of two other airfoils. These instrumented airfoils are located 
within the circumferential sector between 255° and 285°. The 
gages are installed and calibrated (fig. 9) by the procedure 
outlined in reference 8. 


Experimental Procedure 

The test facility can be run at two operating pressures: 
150 psia (10 atm) and 300 psia (20 atm). At each pressure, the 
turbine rig can be operated with the combustor either in the 
burning mode (with combustion) or in the non-burning mode 
(isothermal). The research objectives are to investigate the 
aerothermal performance of the annular vane row and the 
performance of various instrumentation concepts over a range 
of Reynolds numbers, temperatures, and pressures. 

Only steady-state tests are conducted for the FCFC vanes. 
The steady-state experiments use only the burning mode of 
operation, with pressures at 150 and 300 psia. The various 
operating modes of a series of steady-state tests with the FCFC 
vanes are shown in figure 10 and table II. Both transient and 
steady-state experiments are conducted for the specially in- 
strumented vanes. Transient tests with these vanes are reported 
in reference 4. The various operating modes of these tests are 
shown in figure 10 and table III. 

The gas conditions are established by setting the combustor 
inlet and total pressure, the vane-exit outer-radius static pres- 
sure, and the combustor fuel/air ratio through predetermined 
input values stored in the operations computer. The coolant 
flow rate and temperature are varied systematically at fixed 
gas conditions, either through predetermined input values to 
the computer, or by manually inputting values to the computer 
during the test. 


Data Acquisition 

Facility operation and data acquisition are fully automated 
through an integrated digital computer system called the 
Digital Control Center (DCC). The four minicomputers in the 
DCC are interconnected. However, each computer has a 
dedicated primary task and is labeled accordingly (e.g., input, 
control, operations, and research). The main task of the research 
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computer is to gather large volumes of research data and 
convert them into engineering units. These research data are 
also fed into a large mainframe computer where more complex 
calculations and graphics operations are performed. A more 
detailed description of the Digital Control Center is given in 
reference 1. 

Analytical Procedures and 
Data Reduction 

Gas-Side Heat-Transfer Coefficient 

STAN5 calculations.— The injection of film-cooling air 
through the film-cooling holes protects the vane surface from 
the hot gases flowing across the vane. However, the injection 
of cooling air disturbs the boundary layer and strongly influ- 
ences the heat-transfer process on the vane surface. Heat 
transfer in the presence of film-cooling is complex and is 
affected by many factors, such as the hydrodynamic and 
thermal characteristics of the injected air and the mainstream 
gas, the thermal boundary conditions, and the film-cooling 
hole geometry. 

For the FCFC vanes, reference 3 used two methods to 
calculated the heat-transfer coefficient. Method 1 defines the 
heat flux by means of a conventional convective heat-transfer 
coefficient and an adiabatic wall temperature: 

<l=t'g{T aw -T wo ) 0) 

where the adiabatic wall temperature T aw is defined by a film- 
cooling effectiveness equation 

V = (T se -T aw )/(T ge -T c ) (2) 

where T ge is the effective gas temperature based on the 
recovery velocity of the gas stream. The effects of cooling air 
injection, airfoil geometry, boundary conditions, and other 
phenomena are incorporated in the “film-cooling effectiveness” 
term rj. 

Method 1 uses the STANS boundary-layer code to calcu- 
late the “unblown” heat-transfer coefficient on the airfoil. 
Details of the film-cooling effectiveness correlation, as well 
as the additive effects of multi-row film-cooling, are given in 
reference 3. The “unblown” heat-transfer coefficients, as 
calculated in reference 3, are shown in figure 11. 

The gas-side heat-transfer coefficients for the FCFC vanes, 
obtained by method 2, as presented in reference 3, are shown 
in figure 12. Here the effect of film cooling is incorporated in 
the heat-transfer coefficient. Heat flux is defined by the 
following equation derived in reference 9: 

q = h s (0)(T ge -T w ) (3) 


where the dimensionless temperature parameter is defined as 

0 = ( T Se- T c)/( T ge-T w ) (4) 

Through linear superposition arguments, the value of the 
heat-transfer coefficient at any value of ©can be determined 
once the values at 0 = 0 and 0 = 1 are known. 

h g (0) = /« s (O)-0[yO)-yi)] (5) 

The STANCOOL boundary-layer code (STAN5 with the 
film-cooling option) was used to calculate the values of h g ( 0) 
and/i g (7). Details of the computation are given in reference 3. 

Experimental data reduction. — Experimental heat-transfer 
coefficients are obtained from the Gardon gages and the 
paired-thermocouple gages by the following method: 

h = ql(f g -T Jcf) (6) 

where the heat flux, q, is determined from the gage calibration, 
T tc f is the gage reference temperature, and T g is the computed 
mean radius total gas temperature. 

Reference 4 also uses thin-film thermocouples and the 
dual-element gas-temperature probe to determine experimen- 
tally the gas-side heat-transfer coefficients. By assuming a 
semi-infinite solid and periodically varying boundary condi- 
tions, the heat transfer coefficients can be related to the 
amplitude ratio of the Fourier components of the surface 
temperature and the gas temperature by the approximation 

TM)/T g (f) = h g /(2nfpc p kf 5 (7) 

The ratio T w (f)/T g (f) is determined by computing the 
transfer function between the time-resolved wall temperature 
and the gas temperature. 

Gas Temperature Profile 

The radial profile of the combustor exit gas total tempera- 
ture is obtained by averaging temperatures from two travers- 
ing probes. A third traversing probe is used to measure gas 
total pressure. The probes are located one vane chord in front 
of the vane row at station 4 (combustor exit). Data are taken in 
five radial steps from vane hub to tip. An average radial total- 
temperature profile and an overall average gas total tempera- 
ture are determined from these measurements. The average 
gas temperature, as obtained from two traversing probes, is 
not representative of the true combustor exit temperature, 
since two radial profiles from the circumference are not 
sufficient to define the actual total temperature. To alleviate 
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this problem, a theoretical gas temperature 7* g , t heoi > s calcu- 
lated on the basis of fuel/air ratio, combustion-air inlet tem- 
perature, measured total and static pressures, and fuel enthalpy 
(ref. 10). A combustor efficiency is then applied to the theo- 
retical temperature to obtain the true combustor-exit total 
temperature. The combustor efficiency is obtained from a set 
of curves generated from experiments on a similar and exten- 
sively instrumented combustor in the combustor rig (ref. 11). 

The calculated combustor-exit total temperature, which 
takes into account the combustor efficiency, takes the follow- 
ing form: 

f;.c a l = nfeheo-^) + ^ (8) 

where r) is the combustor efficiency. 

A radial profile is imposed on the calculated total tempera- 
ture by using the ratio of the measured radial temperature to 
the measured and averaged total temperature. 


the vane surface measured from the leading-edge stagnation 
point, and X is the sum of distances between the measurement 
points. 

The coolant-to-gas flow ratio is calculated as follows: 

w c / w g = 3.6 X [test vane coolant flow / total primary flow] 

where the total primary flow includes the core flow plus all 
coolant bleed flows. The factor 3.6 is required because the 
test-vane coolant flow is fed to only 10 of the 36 total vanes. 

Reynolds Number 

The exit-gas Reynolds number is based on the vane-row- 
inlet total temperature and pressure, the vane-row-exit static 
pressure, and the vane true chord length. The gas properties 
are based on the exit-gas static temperature, derived from the 
exit-static- to inlet-total-pressure ratio. 


T ( r )g,cal — [(^g,cal )/(^g.meas)]^ ( r )g,meas (9) 

A single traversing probe is installed at the vane exit station 
(station 5). Unfortunately, this measurement is somewhat 
unreliable because the traversing probe is occasionally over- 
extended, such that the final probe position (of five radial 
positions) extends into a cavity in the vane shroud, away from 
the mainstream gas. A pseudomeasured vane exit tempera- 
ture, based on the measured temperature at station 6 (further 
downstream), but adjusted for the difference in the amount of 
coolant at these stations, is used for station 5. 

Cooling Effectiveness 

The cooling effectiveness, 0, is used to compare the vane 
performance and thermal scaling at various combustor exit 
temperatures, coolant flow rates, Mach numbers, and Reynolds 
numbers. The local cooling effectiveness, 0 i oca |, is defined as 


Re = [(pK) 5 C]/ti 


( 12 ) 


where 


{pv) 5 =(n){P5/r;) Vr {(2y)!(Y-')[gc/(RTg, cai) 

r , , -n 0.5 

x[l-( J P 5 //> 4 ') (y_1)/r ]| (13) 


Critical Velocity Ratio 

The exit critical velocity ratio, like the Reynolds number, 
is based on the vane row exit static pressure and the vane row 
inlet total pressure. 


f r . -,-,0.5 

(V/V c J 5 = |(y + l)/(y-l)[l-(P 5 /P 4 T ,)r J| 04) 


01ocal = [nOg.cal - local ]/[?»*, cal " T ci ] (10) 

where 7' w .j oca | refers to the local metal temperature on the 
test-vane surface, and T\r) g Cd | is the calculated total gas 
temperature at a specific radial location. An average cooling 
effectiveness 0 is also calculated, by using an averaged metal 
temperature T w for the vane in place of T w | oca |. The term T w 
is defined as 

f w = xV( f) » .+n«-i)j40-*(«~i>]/2* (id 

1=2 

where (/) is an index which refers to a specific temperature 
measurement point on the vane surface, jc is the distance along 


Results and Discussion 

The data from the FCFC experiments and the Special 
Instrumentation experiments are presented, and some typical 
results are discussed. Boundary conditions, aerodynamic per- 
formance, thermal scaling, and heat-transfer coefficients 
obtained from these experiments are discussed. Figure 10 
shows a plot of the simulated engine operating characteristics 
of the Turbine Hot Section Facility at various Reynolds 
numbers and heat fluxes, and generally represents the condi- 
tions of the experiments reported herein. 

Boundary Conditions 

The mainstream gas conditions at the combustor exit and 
the stator exit for the FCFC experiments and the Special 
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Instrumentation experiments are listed in tables II and III, 
respectively. These conditions are important to the evaluation 
of these research results and for comparison of the perfor- 
mance at various operating conditions to the design values. 
Detailed local measurements of each experimental test are 
given in tables IV and V for the FCFC experiments and the 
Special Instrumentation experiments, respectively. 

Gas temperature. — The mainstream gas-temperature pro- 
file for the FCFC vane tests and the Special Instrumentation 
vane tests are essentially the same for the same operating 
conditions. A discussion for one series of experiments would 
be equally applicable to the other series of experiments. 

Figure 13, reproduced from reference 1, shows a typical 
mainstream gas-temperature profile at the combustor exit. 
Measured temperature data from these tests are compared to 
the unpublished results obtained from tests of a research 
combustor of the same design in the combustor rig of the Hot 
Section Facility. The research combustor test data are obtained 
from, a complete circumferential and radial survey of the gas 
temperature at the combustor exit plane (ref. 11). Figure 13(a) 
shows the circumferentially averaged radial temperature pro- 
file and the maximum temperature profile obtained from the 
research combustor. Also shown in the figure are the measured 
temperature profiles from two traversing temperature- 
measurement probes located at the combustor exit (station 4) 
plane of this cascade. A calculated temperature, based on 
combustor efficiency and a theoretical gas temperature 
(eq. (8)), is also shown as a dashed line. The theoretical gas 
temperature is obtained from thermodynamic considerations 
of the fuel properties, combustion air inlet temperature, and 
the fuel-air ratio. The calculated temperature for these tests 
appears to correspond to that obtained from the research 
combustor measurements. 

The maximum gas temperature variation from the average 
gas temperature is represented by the “pattern factor,” PF, 
defined as 

PF={T ma *-T)/(T-T in ) (15) 

The pattern factorfor the research combustor is approximately 
0.35. The local pattern factor distribution, as shown in figure 
13(b), is relatively uniform. The local hot spots occur in three 
small discrete locations. 

Gas pressure. — The combustor exit pressure for these 
experiments, as measured by the traversing probes, is essen- 
tially constant. The static pressures, measured at the inner and 
outer radii of the vane-row inlet, are also constant, indicating 
that the vane-row-iniet critical velocity ratio is constant at the 
nominal design value of 0.23. 

The vane row exit (station 5) total pressure cannot be 
measured accurately, because the probes used herein are not 
designed for the large tangential velocity component at the 
stator exit. However, based on the vane-row-exit static pres- 
sure measured at the outer radius and the total pressure at 


station 4 (assuming negligible total-pressure loss through the 
annular vane row), the critical velocity ratio compared well 
with the design value of 0.728. Similarly, the critical velocity 
ratio at the inner radius compared well with the design value 
of 0.834. The design velocity triangles for these airfoils are 
shown in figure 14. 

Aerodynamic Performance 

FCFC vane. — The aerodynamic performance of these 
vanes is characterized by the surface static-pressure distribu- 
tion, as shown in figure 15. Data are plotted at three different 
exit critical-velocity ratios (design, less than design, and 
greater than design). Also shown is the unblown design 
pressure distribution calculated by using the QUASI-3D 
PANEL Code (ref. 12). The pressure distribution on the 
pressure surface compares favorably with the design values. 
However, the pressure distribution on the suction surface 
trailing edge is about 7 percent higher than the design values. 
This would indicate that the gas stream is not accelerated to the 
desired velocity with substantial quantities of film cooling. 

Special Instrumentation vane. — The surface pressure dis- 
tribution for this vane is shown in figure 16. In general, this 
pressure distribution exhibited the same characteristics as that 
of the FCFC vane. However, the suction-surface pressure 
distribution does compare more favorably with the calculated 
design values, which further highlights the effects of film 
cooling mentioned in the previous section. 

Thermal Scaling 

Reference 1 discussed the frequently used practice of 
testing of turbine components at reduced temperature and 
pressure in cascades and tunnels, and the concern for the 
validity of these tests. The concern is whether the thermal 
scaling laws are sufficiently applicable between the lower 
temperature experiments and the actual engine conditions. 
The thermal scaling laws are evaluated in the turbine rig over 
a wide range of temperatures and pressures, in both the non- 
burning (isothermal) and the burning modes of operation, at 
constant Reynolds number and Mach number. Figure 17, 
taken from reference 1, shows the midspan, averaged cooling 
effectiveness parameter, <j>, for the FCFC vane, plotted as a 
function of the coolant-to-gas flow ratio. The gas total tem- 
perature used in the cooling-effectiveness calculation is the 
mean-radius value obtained from equation (9). 

Figure 17(a) shows the cooling effectiveness parameter at 
two different gas total temperatures, for the burning mode of 
operation, at a constant Reynolds number of 0.5 X10 6 . The 
trend shown by these data is that the higher gas temperature 
produces a slightly lower cooling effectiveness. This trend is 
continued in figure 17(b), plotted at a Reynolds number of 
1.25X10 6 . Here, four sets of data, with gas temperatures 
ranging from 450 °F (non-burning) to 2250 °F (burning), are 
shown. These four sets of data exhibit similar trends of slightly 
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lower cooling effectiveness at higher gas temperatures (engine 
conditions) than at lower gas temperatures. The difference in 
the cooling-effectiveness values is only about 0.02 at a coolant- 
to gas-flow ratio of 0.11. Reference 1 indicated that even 
though the difference is small, this difference could not be 
accounted for by experimental error. In fact, error analysis 
indicated that experimental error would not reverse the data 
trend shown, but would enhance the difference. 

Reference 13 predicts an increase of up to 0.04 in cooling 
effectiveness from engine conditions to lower temperature 
cascade test conditions. This phenomenon is shown to be the 
result of the inability to thermally scale the thermal conduc- 
tivity of the material. It can be concluded that the low- 
temperature turbine rig tests are somewhat optimistic in pre- 
dicting cooling effectiveness for engine operating conditions. 

Figure 17(c) shows the cooling effectiveness at a Reynolds 
number of 2.5 X 10 6 . The observation here is that the cooling 
effectiveness, even at a higher Reynolds number, and there- 
fore at a higher heat flux, is not affected. This is shown more 
graphically in figure 17(d), which compares the cooling effec- 
tiveness at constant gas total temperature for three different 
Reynolds numbers (Re = 0.5X 10 6 , 1.25X 10 6 , and 1.9X 10 6 ). 
Assuming that the heat flux is proportional to (Re) 0 ' 8 , the data 
in figure 17(d) represent a range of heat flux of 2.9 to 1. The 
good agreement of these data indicates that the flow regime is 
the same, and that the cooling effectiveness is independent of 
the level of heat flux. 

Because the Special Instrumentation vane does not contain 
an internal insert to enhance cooling, the cooling effectiveness 
is not meaningful, and therefore is not discussed here. 

Heat-Transfer Coefficient 

Measured heat-transfer coefficients are shown in figures 
18 and 19 for the suction and pressure surfaces, respectively, 
of the Special Instrumentation vanes and are compared with 
those predicted by the STAN5 boundary-layer code. Included 
are results from thin-film thermocouples, Gardon-type gages, 
and paired thermocouples. 

The heat-transfer coefficients deduced by the thin-film 
thermocouples on the suction surface (fig. 18) generally 
compare well with those predicted for each Reynolds number 
condition. The exception is the furthest downstream measure- 
ment, which consistently indicates values higher than predicted. 

Both steady-state and thin-film-gage data are shown in 
figure 19 for the pressure surface. The steady-state data 
compare favorably with the STAN5 calculations at the three 
Reynolds numbers. In addition, the thin-film-gage data com- 
pare well in trend but differ in magnitude at the low Reynolds 
number. These data are discussed in more detail in references 
4 and 5. In general, the thin-film gages are shown to be an 
acceptable method of measuring heat flux in a high- 
temperature, hostile environment. 


Concluding Remarks 

Experimental data from the Turbine Hot Section Facility 
are presented and discussed. These data include full-coverage 
film-cooled airfoil results as well as special instrumentation 
results. The data from these experiments are of an acceptable 
quality and accuracy such that comparisons with analyses can 
be made for calibration purposes. 

National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio March 5, 1992 
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TABLE I. — HSF STATOR VANE GEOMETRY 
[NUMBER OF VANES, 36.] 


HEIGHT, IN 15 

AXIAL CHORD, IN 1.5 

ACTUAL CHORD, IN 2.186 

ASPECT RATIO 1.00 

AXIAL SOLIDITY 0.929 

LEADING-EDGE RADIUS, IN 0.200 

TRAILING-EDGE RADIUS, IN 0.035 

MEAN DIAMETER, IN 18.5 




HSF CASCADE RESEARCH CONDITIONS CFCFC VANE) 


1 — 1 

— — I 


Z I 


O 1 

l Li. 1 

►H 1 

< O 1 

H<C l 


< HH 1 

1 111 1 

DC 00 I 

1 O 1 

LUO. 1 

l O i 

a. i 

i Z 1 

O 1 


00 I 


QQC l 


_J LU 1 


O CQ 1 


ZZ 1 


>3 l 

i in i 

LUZ 1 


DC l 

1 Z 1 


l O 1 

1 

1 IH 1 


1 H 1 


I < 1 


1 h- 1 

00 l 

1 CO 1 

3 1 


W 1 

1 ■* 1 

•*© I 

1 H 1 

DC <t 1 

1 H4 1 

O DC 1 

1 X 1 

> » 

1 LU 1 

N Z » 


>< • 

l LU l 

LU l 

1 Z 1 

Z I 

I < I 


l > I 


» — » 

— — \ 


\3 » 


HO 1 


Z _1 i 


<u_ 1 


—1 1 


O 00 1 

l l 

o< i 

l Z 1 

O CD 1 

l < l 


1 _J 1 


1 O I 

■ ■ I" i 

1 O t 


i O 1 

LL < 


Cl i 


Z i 


LU CD I 


hUJ I 


O I 

1 — 1 

i 


DC l 


O i 


> i 


X 1 

1 ST 1 

> I 

• Z i 


1 O f 


t VH i 

I 

1 h- 1 


1 < 1 


1 1— 1 

«s | 

t 00 1 

UJ l 


DC < l 


DM 1 


</></) i 

1 *> 1 

oo a. i 

1 h- 

UJ i 

1 M 1 

DC l 

1 X 1 

a_ > 

1 LLi 1 


1 O' l 


1 LU 1 

LU 1 

1 h 1 

DC ( 

1 00 1 

3 I 

1 =0 1 

h— U- 1 

1 CQ 1 

< l 

i Z 1 

DC CD l 

1 O l 

LULU 1 

l L> 

0- Q l 


Z i 


UJ 1 


H 1 

\ — i 

i 

i CD i 


l Q 1 


I 0£ i 


i — i 

i 


ooooooooooooooooooooooooooooooooooooo 

ininimninLnininmtnininLnininininintnininininininintninininminimnininm 


ooooooooooo 

ooooooooooo 

ooooooooooo 

ooooooooooo 

cooomo'CsJrHtncoo'3-o 

roo<Mcosr*-H^osONOtn(sj 

rHCMrHrHCMrOCMCSKMCMrH 


• • • • 

oooooooooooooooo 
oooooooooooooooo 
oooooooooooooooo 
OOOOC0 ooooooooooo 
HOC'CONO'CON'OCO'Oinroo'roco 
vcvoimnHimnuunifunin'oifiHin 


oooooooooo 

oooooooooo 

oooooooooo 

oooooooooo 

isrvfs.soh-'O'OO'sONO 

imnimnimnimnimn 


in r**. r^rH vo 
»h co ho csj 

O'O'fO'ON 
nOvOnJ sJC 
f»s r^. r-s. 


o o oo o 


X 



s© 

ro 

On CO 

o 

fO 

ON 

ON 

o 

so 

ro 

ro 

X 

in 

o 

co 

Nj" 

in 

X 

CO 

SO 

CSJ 

CO 

CO 

o 

in 

ro 

NT 


O 

o 

in 

ON 

ro 

X CSJ 

rH 

O' 

X 

co 

ro 

H 

O' 

h 

ro 

ro 

ro 

sT 

in 

sT 

nT 

ro 

CSJ 

O' 

O' 

sr 

LO 

h 

o 

ro 

>T 

CSJ 


ro 

v© 

x 

co m 

sT 

rH 

ON 

co 

in 

ro 

nT 

CSl 

co 

sr 

sT 

X 

co 

so 

H 

x 

in 

in 

sr 

in 

in 

in 

ON 

x 

X 

CSJ 

r-» 

h 

sO 

x 

CO o 

o 

o 

ON 

CO 

X 

x 

X 

x 

O' 

Nj* 

csj 

X 

x 

co 

X 

H 

x 

x 

X 

h 

h 

X 

ON 

NT 

CSJ 

X 

H 

h 

H 


so co 

CO 

co 

X 

so 

I s * 

h 

h 

h 

H 

H 

H 

H 

x 

NO 

X 

h 

h 

h 

H 

x 

h 

x 

X 

H 

H 

O O 

0 

0 

o o o 

o o 

o 

o 

0 

o 

o 

0 

0 

o o o 

o 

o 

o 

o 

o 

0 

o 

o o 

o 

o 

O 

o 


I s *- 

SO 

o 

nT 

in 

ro 

in 

O' 

CSl 

rH 

CSl 

o 

o 

in 

in 

O' 

in 

co 

os 

rH 

*T 

o 

nT 

fO 

X 

rH 

X 

CSl 

o 

NO 

NO 

ON 

in 

SO 

ON 

ro 

NT 

in 

On 

ON CO 

NO 

CO 

ro 

CSJ 

ON 

vT 

o 

ro 

CSl 

NT 

rH 

O 

ro 

CSl 

o 

in 

ro 

rH 

ro 

nT 

in 

O' 

ON 

I s - 

CSl 

in 

in 

CSJ 

rH 

CO 

in 

ON 

co 

ro 

O 

Os O' 

CSJ 

rH 

O' 

CSJ 

CSJ 

Os 

so 

sr 

sT 

ro 

CO 

CSl 

in 

csi 

CO 

in 

co 

SO 

ON 

h 

o 

CO 

o 

ro 

co 

© 

rH 

h 

O 

CSl 

o 

co 

rH 

ro 

NT 

ro ro 

ro 

CO 

O' 

r-H 

CSJ 

CSl 

O 

o 

a 

o 

rH 

ro 

ON 

ro 

ST 

in 

ro 

CSl 

rH 

sT 

nT 

CSJ 

CSJ 

rH 

csj 

ro 

ro 

ro 

NT 

sr 

NT 

CSJ 

CSJ 

rH 

rH 

rH rH 

rH 

CSJ 

CSJ 

ro 


HHOOOOHHOHHHHHHHHHHHHHHHHHHHf 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


sOO'fOinorOinrHCOvOCOinONOrNCONNlr-ivi'NTvfOvJ-NOMncOCOfOl^OOCOMO'vO 

(M'TsocMncMCTNroorocMrHrocrNoroososTrocNrO'TsTHCOinrorMON'T.HNTosa'srNO 

cooNN©inNTtocoe>ONin*TrocoininoNO.-H>TNTinHCOcoHsoc7NOrH»-HOfOtMCMCMCM<M 

rororororororO'TrororOHHHHK>soHHHHf s -Hs©ossocoooooooooo© 

rHrH ^ rH ,- tnHr H r H ( _, V 3-,-,(\ i(M(NiC g i _«cM(M(MCMCM<M<MfOrOrHrO'TNTsTsTSrNTNTsTsTsT 


CO 

o 

in 

H 

to 

CO 

CM 

co 

r*** 

in 

ro 

ON 

Os 

CM 

sT 

rH 

csi 

so 

o 

sT 

I s *- 

so 

o 

CO 


in 

ro 

Os 

sO 

in 

00 

ro 

CSl 

pH 

sT 

ro 

in 

in 

ro 

ro 

h 

rH 

O' 

ro 

co 

O' 

H 

O' 

nT 

ON 

sO 

O' 

NT 

ON 

o 

m 

NT 

ON 

in 

rH 

sO 

sr 

o 


ro 

ro 

CM 

CO 

sO 

ro 

CM 

O 

sO 

x 

SO 

in 

O' 

o 

O 

X 

oo 

CM 

CSJ 

CM 

CM 

ro 

rH 

sT 

SO 

in 

ro 

o 

SO 

sT 

ro 

co 

CO 

H 

H 

so 

>T 

r- 

h 

h 

so 

co 

o 

in 

CM 

ro 

co 

ro 

ro 

NT 

SO 

sO 

so 

*T 

sT 

in 

sT 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

sT 

ro 

ro 

ro 

CM 

(M 

ro 

ro 

to 

ro 

ro 

ro 

ro 

ro 

ro 

sT 

nT 

ST 

ro 

CM 

CSJ 

CSJ 

CSJ 

CSl 

CM 

CM 

CM 

CM 

CM 

CM 

CSl 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CSJ 

CM 

CM 

CM 

CM 

CM 

PM 

CM 

0. 

0. 

0. 

0. 

o 

0. 

OO 

0. 

0. 

0. 

0. 

OO 

0 

0 

o o o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 

0 

o 

a 

0 

0 

0 

O 


<MLncsjCMsTHr s '-»-HrHsTrooinHrocrN^‘CsjsT«"Hs©sTONOSNOinroincooNintnroroHsTCM 

rHocooNCMrosoi-HfHCMCMCMrHrOHrOHOtnHsoCTNLncoNTCMsocMnsTsoHinini-Hso^* 

hhhloid -rosooos • in sr ro ro •hho^O'Ohcoc' • oncocooohhcococo^o 
in • • • *(sj • • * •cm cm 

©soa"Tin(MHHHHCM<M(M(MCMCMrHrHrH©©rHrH<MCMCMCM(M(M<M<MCMCM<MCM<Mro 

U^N'J , N0'HO'^^O'rHvO , >OvO s OH , >0vO'O'Ov0'O'ONNHNNNNNNNNNNN 


corOsosTrHcoinocOrH(MrococooNCOoor'-Hsocoin©HsTcosoNTsoroHrO'T<MCMONCO 

cONorotncoosrHHONO • * • * * ‘ ‘ 1 * * 

^c\jrovcK)0'rOHvo^^roHo(\joNcmnoHNTo^^H 

N5-roimn'j-<vjrororoin'oa'or>-C'r^invONOONO>cocoin(Min'd-N3-in<MmrH>ONOo>3' 
NTmmmmmmmmmmcoo'COcomcococococococoo(\iincsjcM(NJCsiojCsicsj(\j<NJog 

'T'TsT'T , TsTNTsTsTsTi-H»-HrHrHrHrHrH.-HrHrHrHrHrHCMCMrH(M(MCM(MCM<M(M(MCM<M 


r^.coavorHinvor-cooorHCsjrONTinvor^coa'OrHCJrovTin 

(MrO'TinsoHcooNOCMrHrHrHCMCMCMCMCMCMCMrOforofororororororo'Tsr'TNTsTsT 

r^rs-r N >r N -NNh-r s -COCOHHHHHHHHHHHHHHHHHHHHHHHHHH 


9 


146 2216 



HSF CASCADE RESEARCH CONDITIONS CFCFC VANE) 


oooooooooooooqooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooooooo 

lOtoioiororoioroioroMioroiOfotoiorofotorotOhorotoioroiorororoioiorororoiotoioiOfOtotoioioioto 


ooooooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooooooo 

oMmM'Tcoo'ooooo'ino'^NHNO'LiurfocoiovooinLniOH^-Liio'oOr-tioocoHOHovoco 

m to io m csi co io ih. rH ih ■>(> 'll in it \o rH o ph o -a- < 3 - o' csi to to w to io ro 10 csi (si io ^ sr 10 ra- sr sr >» (si o o o o 

rH H H H H rH CM (M N CM (SI (SI (Si (SI (SI (SI (Si (SI (SI (SI rt rH (SI H H H rt H rH pH H pH pH H H l - I pH H rH H pH H H (SI CSI i— I (SI 


srcsii-iO'ir>(Si 1 -iifi\orocor~r^tocoo'00csi>oLnr-irt\ooino'0'0'so'>o(si'osrr^ioiOrH(sii-i(^r^p^invocsiino 

>-iooocsicooiftoMn^-<sreO(r>cor^>s-'d-v3-Noiooeoco--i'<£)r'MO'sri~.'3-ioor«.r~.(Si>j-^-ior-(>HcoLnr^ioincsi 

iocOLn(sisrr-0'f-if-i^-i(sirHooin'ocsiM3!\jcsjr^ovi-toocsisa-r-irHCMo(sicoa'rHr^o'coo3soimncosriocsiOr-i 

i0Mr'3"'cri0i0i0'0v0s0'0s0Lmfi(si(snrun(sii-4r-ios0v0im^imnLrunr^03csii-ir^L(ummnLfufiLnr , ^'>0'0s0'0 

Mri^iN.r^r^r>-r^.i , s.i^r^r^.r^r^i^cor^i^-r«-oop~«or , ^r^r>-i^'or^r^r>.h.r^f^r^i^voi s 'r^r^p^r^r^r^^or^ix.r»f». 

ooooooooooooooooooooooooooooooooooooooooooooooo 


(SI i-h 

VOtf OH rH 

ooi^o>^Hfor^'tfrH(sir^r~0"3'ior^ioinrsr^^Hr-i<sir.o^-vj'oo(sirvco>-<ootO'ososr(siimnr^(sicsiroin 

(sicOi-iiococsiioioo'omHunvO'>a‘r'Cor'io(\iiHosro"Osro'ooo«0(sio"S - i-HOfoooooo'Ovoroa'incO'-HM 

(sin<co(fi^Hioioo(si(si(si^iin(sji^iocoK5'3 i eop^inioo(siK>ovofor^ms» , ovocMOoeoo(sio(slO'r«.vor , >-r^ 

tOCSIOCOOOOtOrOr'OtOtOr-IO'(SlfO(S|rHCSJCSIrHCSlrOM(SI'3-inrOCSirHrHpH(S|rHfO'3-tOpHrHpHrHpHrO'3-rO(SirH 
H H rH O O O O rH rH rH rH rH rH O rH rH H rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH H rH rH rH H rH rH rH rH rH 


OOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


<si^ocOrHCMOoso(siioi^ooocooooco(sioofOsoo'0'0'(sir^io(0'H3eo(sitfusiLfuovoo'cocsisr'a-r^o>a-soLn 
m om-i ui rH fn in vo co (si h- cr' o> 0 >h \r io i-h eo r 'T r^ o 'o ih c- >r rH m co m t*- co r-in O ' o to o- o- c »'0 co ph to m co 


Hinco\TNin<tcoorHHrHHrH(siiON'OMineorjooiM(i'Oh"Oiri'OKiimrufl'icooooHNOrHioiruflh. 
'TrN.-^i'O'O'O'or^cocococooooococorHr'.N.rH'O'Ocof^fHr^r-HrHrHrHrHrHrHr.H'T— iCsicsicsicsicsjcsiiri'S'Lnu'un 
{SlrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrH|H.|H.|>.rH(SI(SI(SI(Si(SI(SI(SI(SlrH(S|(M(SI(SI(SI(SI(SlrHrHrHrHrH 


csiin'3T"Too'3 , c0sr'0'O'3T^0'in'rrH'0'a-r^i00'(si'0rHOrH'3-(sjoLnsrrH'00'c00'Lnc0'Ts00"00'C0o 

o-i-^K)f^rHt^.oo'Oinr^insrininfor^'j-coro'r(sirO'0'ocsiin'TOrHOrHr--(si'0'TiM'Tcoininr^o(sioo"or^ 

a"S-K3rHsrcO'Oo(siso'ocsicsirHrH(sjo'Moininin'0(sirH(sitocooiH.ioo'ooino'OrHLncoinfHioinoio>a-rH 

cO'S , 'Tin'0'orHin'3-srsrinifumn<a->a-'TLnhn'S-(si'S'>a-iOrH(si(siK>(si<M(si(sirHioioioK)ioioiO'S-oio(Si(siio 

rH(SI(SI(SICSI(SI(Si(SICSI(M(SI(SICSI(SI(SI(SI(SiCSI(SI(Si(SI(SICSi(SICSICSICSI(SICSI(Si{SI(SICSICSICSI(SI(SI<SI(SI(SI(SI(SI(SI(SIM(SI(SI 

ooooooooooooooooooooooooooooooooooooooooooooooo 


c0oi^oc0«0O'0MC0sn0rH0"»rHi0i0MincM^os£i'0'S-rH(MH.inc0(si0'PHS0'0rH'0'T'fLnc0(sims00'(a 

cMni~-c00"0or~'0'£)00r^srr'V0i0i^'3 , c0rH0'O'3-fsimrHC0i^-r-'0(Msr0"0in00Mn'TCSl(si'TrH00Lnh0'T 

•'O'J H IO CO'O • • 

rH • • • • CO O' rH rH rH rH rH H O O (SI O O O' H • • (SI rH • rH O' O' O' O' O' O' O' O' rH O O O O O O O rH CO CO CO CO 

(sicsicsi(sirHoiO'3'<a , '3'«-sj->a-'3-^-srrHrHOrH(sicsi'a-rHrO(sicsi(si{si(si(si(si(si(si(siMMtoioiofoio(sitrunLnin 

HKM'.NHHHHHHHHHHrHHHHHI'SHHNrHHHHHHrHHHHHHHHrHrHrHHHHHH 


rHrHr^cO'3‘0(sirH(si(sirHCO'3->o-'cri^in'oroo'9-OT^csio"o^T^iO'S , inosr'»rH'a''oo'OrHrHoeo(sicocoin 

omo'imno'O'OO'O'ioimoQOoinroo'COsrcsisr'OO'Ln 

o'O'O'isNHCixro'oouuMmnocsio'oifl'f o< 

oc0C0C00'(7'Csi(sjrHrH(si(Mf0(si'0r0«)'0in'0insro0'r'0'C0in'0C0'0'0c0'0rHooo'0i^-'0C0r'(Mfoincsi 

oo'O'O'O'O'ooooooooooo'O'O'CT'O'O'OO'O'sr'O'O'O'O'O'O'O'Oifi'O'O'OinLnmuunroioioio 

COF^r~P^fHrHeOCOCOCOCOCOCOCOCOCOt~'r^PHPv|>.PHCOP~l s 'rHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrH 


to>a’m'orHCOO'OrH<siiO'Tin'orHcoo'OrH(Ni«7'3'in'OpHO'OrH(siio^-m'or^iO'Tin'orHeoff'OrO'TinsopH 

imnirmncunici'i'O'O'O'O'O'O'O'O'ONNNNNr'NNcoo'O'O'O'O'O'7'ff'OooooooHHrtHHH 

rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH pH pH pH rH pH H pH pH pH pH pH pH rH rH rH rH pH pH (S| (S| CM CM CSJ (NJ (S| (SJ CNj (Sj (SI (Si (SI 


10 





1 — 







1 


Z 





1 


o 





1 u_ 


NH 





1 a 




oooooo 



i 


<»“» 


o o o o o o 



1 UJ 


OS CO 


no K) no no ro no 



i a 


uj a. 





1 o 


C- 





■ z 


o 





! — 







1 


co 





1 


a oe. 


oooooo 



1 


-J UJ 


oooooo 



1 


OCQ 


oooooo 



1 


22 


oooooo 



1 


>3 


(VI CSJ r-4 NO NO ON 



i in 


UJZ 


ON O' O' O <\J fO 



i 


CL 


«-* r-4 r-4 CSJ r-< H 



l 2 







I Q 







1 







i y~ 







i < 







i N- 


CO 





1 CO 


2 





< 


►H 


^Ts* LA O CSJ NO 



1 *» 


-Q 


irun r-i vs - (0 m 



1 H~ 


££< 


CSJ CSJ <T O rH o 



1 NH 


O 0£ 


Nj’tSIOO'S'O 



1 X 


> 


n so t**- 



1 UJ 


\Z 


• 



1 


>< 


oooooo 



1 UJ 


UJ 





i 2 


z 





i < 






r\ 

i > 






UJ 

1 






z 

1 MW 






< 

1 






> 

1 




sOOfOIOHSO 



1 


S 1 


NHincOHM 


a 

1 


t-o 


CSJOO^OCSJ 


Li. 

1 


ZJ 


CSJ (VJ C4 <r sT 


o 

1 


<U- 


rS H H H H rH 


U. 

1 


-J 




w 

1 


O CO 


OOOOOO 



l H 


o« 




tO 

l 2 


GO 




2 

i < 






O 

l —l 






*H 

1 O 






J- 

1 o 







■ a 


ll 


so CO Ln CSJ NO NO 


a 

1 


CL 


COOONMn 


2 

1 


z 




O 

1 


UJ CD 


no in so so co 


a 

» 


t-UJ 


SO so so so h* S3’ 



1 


Q 


H HH »— 1 rH \X 

NH 

2 

1 





UJ 

a: 

1 





-J 

< 

1 





m 

UJ 

1 





< 

CO 

1 




NsOOH«JM 

h- 

UJ 

1 


CL 


»o inn so o so 


cl 

1 


o 


vj- CO O LA rH 



1 


> 


HNH^ON 


UJ 

1 




CSJ CSJ CSJ CSJ CSJ CSJ 


a 

1 


> 




< 

1 




oooooo 


u 

i z 






CO 

1 o 






< 

1 ►“< 






o 

I H 







l < 






ll 

l H 






CO 

i co 


UJ 


O' CO 00 <M CO SO 


2 

1 


ac. < 


^■COOON'f 



1 


3m 





1 


CO to 


co coo CO o CSJ 



1 % 


coo. 


in tmmn csj 



1 H 


UJ 


HHHHHH 



1 H-t 


CL 





( X 


0- 





l UJ 







1 CL 







) UJ 


LU 





1 I- 


cl 





i CO 


2 





1 2 


K LL 


MsoMeos3-ro 



1 CO 


< 





i E 


a: 0 


os -a - o O' 



I o 


UJ UJ 


r- la no sx co 



i a 


0_ Q 


NO NO NO NO LA r-( 



i 


s 


HHHHiHN 



i 


UJ 





i 

i 


H* 





i 

i 

i o 







1 Q 




CO o o CSJ NO 



\ O' 




i-l rH CSJ CSJ CSJ CSJ 



\ 




CSJ CSJ CSJ CSJ CSJ CSJ 



1 *— • 


■— ■— 




11 



HSF CASCADE RESEARCH CONDITIONS (SPECIAL INSTRUMENTATION VANE) 



1 

in 


1 

* 

• 

• 

. 

• 

• 

• 

• 

. 

• 




• 

. 

. 


• 

■ 

■ 

• 

. 





. 





. 

• 

. 

. 


l 

a 

Q£ 

1 

O 

o 

O 

o 

o 

o 

o 

o 

o 

o 

• 

• 

• 

o 

© 

o 

. 

© 

© 

© 

© 

o 

• 

• 

. 

. 

o 

• 

• 

• 

* 

© 

o 

© 

o 


1 

— i 

UJ 

1 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

© 

o 

o 

o 

© 

o 

© 

© 

© 

© 

o 

o 

o 

o 

o 

o 

© 

o 


1 

o 

CQ 

1 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

© 

© 

© 

© 

o 

© 

o 

o 

© 

o 

© 

o 

o 

o 

© 

o 

o 

© 

© 


1 

z 

s: 

1 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

© 

© 

o 

© 

© 

o 

© 

o 

o 

o 

o 

o 

© 

© 

o 

© 

© 

© 

© 

© 


1 

>- 

3 

1 

ro 

O' 


in 

S 3 

ro 

Os 

fs- 

in 

SO 

o 

o 

o 

in 

s 3 

CM 

© 

m 

ro 

in 

in 

in 

o 

o 

o 

© 

Os 

o 

o 

o 

© 


CO 

SO 

sO 

in 

1 

UJ 

Z 

1 

H 

CM 

CM 

CM 

CM 

Os 

s 3 

S 3 

<r 

rH 

CO 

H 

so 

CM 

CM 

ro 


CM 

CM 

ro 

ro 

CM 

h- 

CM 

CM 

so 

rH 

in 

OS 

o 

in 

CM 

ro 

ro 

CM 


1 

C£ 


1 

CM 

H 

H 

rH 

rH 

rH 

CM 

CM 

CM 

rH 

in 

in 

in 

r — i 

rt 

r-l 

in 

H 

r—i 

r—i 

t—i 

r—i 

in 

sO 

SO 

in 

r—i 

in 

in 

SO 

in 

f— I 

t—i 

r—i 

H 









































►H 

H 

r 

t 



1 

1 




































< 

i 



1 




































H 

i 


00 

1 




































00 

i 


3 

1 





































i 


HH 

1 


CO 

H 

O' 

s 3 

r>- 

CM 

in 

S 3 

in 

CM 

O' 

O' 

I s - 

H 

co 

in 

CM 

ps- 

sO 

o 

00 

ro 

s 3 


Os 

ro 

Os 

Os 

CO 

pH 

Os 

H 

s 3 

H 


i 

•» 

Q 

1 

CO 

S 3 * 

CM 

CM 

so 

rH 

n- 

co 

H 

O 

H 

o 

CO 

Os 

s 3 

s 0 



n 

S 3 

ro 

Os 

s 3 

CO 

in 

so 

in 

P>- 

OS 

ro 

sO 

ro 

CM 

in 

CO 

H 

i 

cz 

< 

1 

so 

H 

(M 

ro 

ro 

H 

in 

O' 

ro 

ro 

in 

O' 

o 

H 

CM 

CO 

H 

© 

r—i 

H 

Os 

ro 

r — 4 

H 

so 

o 

H 


o 

i — i 

s 3 

in 

Os 

Os 

>3 

►H 

i 

a 

Q£ 

1 

S 3 - 

CM 

ro 

ro 

ro 

ro 

ro 

ro 

S 3 - 

so 

sO 

to 

<r 

in 

in 

s 3 

ro 

in 

in 

v 3 

S 3 

in 

s 3 

ro 

ro 

ST 

sO 

v 3 

s 3 

s 3 

s 3 

in 

>3 

s 3 

LO 

X 

i 

> 


1 

sfl- 

H- 




hw 

H 

r*. 


so 


h 


fs. 

r*. 


p>. 



r^- 

H 



r>- 

h* 

H 

SO 

ps- 

r*'- 



P s * 




UJ 

i 

\ 

Z 

1 

• 

• 

• 

• 

* 

. 

. 

. 

• 

. 

• 

• 

• 

• 

. 

. 

• 

• 

. 

• 

. 

• 

• 

• 

• 

• 

• 

■ 

. 

. 

. 




. 


i 

> 

< 

1 

O 

O 

O 

O 

o 

o 

O 

a 

o 

o 

o 

o 

o 

o 

o 

o 

o 

© 

© 

© 

© 

© 

O 

o 

o 

O 

O 

O 

© 

o 

© 

© 

O 

© 

© 

UJ 

i 


LU 

t 




































z 

i 


r 

1 




































< 

i 



1 




































> 

i 



1 





































</> 


H< 

< t-H 
00 
LUO. 
Q_ 

O 


\3 
HO 
ZJ 
< U- 
_J 

O 00 
o< 
O CD 


0 - 

z 

UJ CD 


LU 

QC<t 
ZD h -4 
00 00 
00 Q- 
LU 

a. 


O' 

o 

HU. 

< 

CD 
UJ UJ 
CLQ 

r 


ooooooooo 

imnminimmnimn 


0 "O^OfOlAHNO 

WSOOCOO'JtOfO 

OCOOO'ONO'fvjN 

'OHNHvON COrOlTl 

cocovoinrococoHin 

ooooooooo 

ooooooooo 


NfOOvflNMNNK) 

voo'O'soansoLnr^ 


OCONNNH'J-nT K) 
' 3 rOrOrOrO' 3 ' 3 s 3 s 3 


r-.v3‘rHvJ-\3*avr-HCOm 

•HOOO'sDsDfOK) 

O' 

HO'O'O'oO'TWimn 

r-t vj sT sj- N O' O' O' 


s 3 pHLns 3 sorOs 3 s 3 tO 

O'JO'fOO'LTlOCON 

s3 o co cm >3 in cm cm ro 

'j-'O-'O-Lfunu^Lnimn 

s 3 s 3 s 3 \ 3 s 3 s 3 s 3 s 3 s 3 


sOHCOOsOi-HCMrOs 3 

ininminsososososo 


ooooooo 

immmmmmn 


to i n 

O vd- LH VO tO r-l r-l 

o s3 cm csj co r>- 

sO CM IO CM 00 r- s3 
Os rH rH Os CM CM CM 

O H H O H H H 

OOOOOOO 


h os cm in os in 
nt os r^. ro ro p*. co 


CO ro SO so S3- S3- *3 

ro ro ro ro s3 *3 >3 



1 

1 

ro 

O' 

CO 

co 


s 3 

o 

O' 

ro 

O' 

o 

© 

CM CO 

sO 

CM 

pv. 

O' 

S 3 

Os 

O' 

ro 

ro 

O 

CM 

r—i 

s 3 

O 

Os 

s 3 

Os 

L 0 

sO 

pH 

in 


1 

CM 

CM 

O' 

o 

in 

O' 

O' 

CM 

o 

so 


00 

vO CM 

CM 

r—i 

ro 

CM 

in 

s3 

o 

in 

r—i 

CO 

r*. 

r>- 

so 

r—i 

CM 

r^ 

in 

O' 

rH 

f —4 

sO 

o 

1 

© 

© 

CD 

S 3 

co 


r—i 

CM 

s 3 

in 

O' 

co 

s 3 CM 

CO 

in 

in 

H 

ro 

SO 

CM 

in 

P^ 

co 

r^- 

CM 

so 

CM 

co 

ro 

co 

H 

PS- 

in 

sO 

> 

1 

PS- 

ro 

ro 

ro 

ro 

ro 

S3 

>3 

s 3 

H 

CM 

CM 

CM ro 

ro 

ro 

, c'J 

ro 

ro 

ro 

rO 

ro 

CM 

CM 

CM 

CM 

rH 

ro 

CM 

ro 

CM 

ro 

ro 

ro 

ro 


1 

H 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CSl 

CM 

CM 

CM 

CM 

CM 

CM 


1 

1 

© 

o 

© 

o 

O 

O 

© 

O 

© 

O 

O 

o 

OO 

o 

o 

o o © o © o 

© 

O 

o 

o 

O 

o 

o 

o 

OO 

o 

o 

o 


CM K> CO CO CO s3 s3 
OHOCOCOOl/^ 
* LD so sT • • • 
O • • • CM ro CM 
CM rH rH rH ro ro ro 

H'O'O'OHHH 


HO'N'JNOfO 

so o cm cm r^. ro os 
so in \3* ro o- so cm 
in co co co co co h 


r- co os o h cm ro 
so so so h h r>* r^ 


oooooooooo 

imnintninminimnin 


s 3 ‘OsCMCMinassCrHsOOs 

HO'CMfOO'J'TOsOLO 

rOsTOsinsOCOCMOsOCM 

h(M(MNNNhOHH 


oooooooooo 


O'OO'HfO'JO'NHin 

rOf-«CMCMsOr^COs3-Os3- 


OK)NN COCOOS OCMCM 
s 3 *s 3 *rororororos 3 *sj-'d' 


CMOOslHOO^OCMCM 

OOC 0 ' 3 lflOin' 3 lAH 

in in ro cm in 

• ro cm cm cm ro .... 

r-irorororoiOrHr-i»-HF-i 

'OHHHHH'O'O'O'O 


r-uncocMr^-cor^osCMso 

O'JNOfflCMrsOOH 

inrosoc 0 Hs 3 *roHs£>NO 

COCOCOsOsOCOCOsOsOCO 


coosOf-HfMrosrmsor". 

H.f^.COCOCOCOCOCOCOCO 


OOOOOOOOO 


cm osin h in 

mcoosossoocoror^ 

cotno\ 3 -(M»-t^Hp>.co 

LnrHCT'O“'rHC0s3s3sO 

Osr>.sOsOH.(MCM<MCM 

OOOOOi-HrHrHrH 

ooooooooo 


IAhNCOHOv'O'OO 

ocMror^r-HCsir^cMM* 


COOsCM^CMsOsOCOCO 

rOrOs3'3s3S3s3s3'3 


roroco^NNcooso 

CMOOsOCOCOrOsS-O 

• soHnro .... 
o • . . * cm cm cm ro 
CMf-«r-<i-Hf-Mrorororo 

H'O'O'O'CHHHH 


OCSJC0C0s3"»— »cor^-(M 

rH CMCOOssOOrOCOCO 
'OsrsomrocM'j-Lnro 
incososococososoco 


OfMCsJrosrmvoHco 
Os O' Os O' O' O' O' O' O' 


12 



HSF CASCADE RESEARCH CONDITIONS (SPECIAL INSTRUMENTATION VANE) 



1 

Q 

01 

1 

O 

O 

0 

. 

- 

• 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

OOO 

0 

0 

0 

0 

0 

0 

0 

0 


1 

-J 

LU 

1 

O 

O 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ooo 

0 

0 

0 

0 

0 

0 

0 

0 


1 

O 

CQ 

1 

O 

O 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ooo 

0 

0 

0 

0 

0 

0 

0 

0 


1 

z 

2: 

1 

O 

O 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ooo 

0 

0 

0 

0 

0 

0 

0 

0 


1 

> 

ZD 

1 

X 

«H 

m 

0 

0 

0 

NT 

m 

x 

m 

0 

to 

iH 

to 

to 

to 

m 

CO 

to 

0 

m 

0 to to 

CM 

MT 

to 

to 

NT 

CO 

to 

rH 

m 

1 

LU 

2 

1 

pH 

CM 

H 

x 

CM 

NO 

CM 

to 

to 

CM 

CM 

to 

to 

to 

CM 

CM 

to 

ON 

CO 

CO 

ON 

CM to CM 

CM 

to 

CM 

to 

CM 

ON 

CO 

O 


I 

QC 


1 

rH 

i “ 4 

rH 

m 

NO 

in 

pH 

rH 

rH 

f—i 

rH 

f—i 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH pH rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

o 

►H 

h- 

I 

1 

1 



I 

f 

1 































< 

1 



1 































H- 

t 


lA 

1 































CO 

1 


ZD 

1 
































1 


>H 

1 

O 

NO 

ON 

n 3 - 

nt 

eg 

CM 

NO 

>T 

to 

O 

pH 

NO 

O 

nT 

CO 

ON 

O 

NO 

to 

pH 

X O NO 

ON 

X 

O 

X 

O 

NT 

NO 

CO 


1 

•k 

C J 

1 

O 

CXI 

X 

NO 

to 

to 

pH 

CO 

NO 

m 

x 

ON 

CO 

x 

CM 

to 

ON 

pH 

m 

to 

NO 

CO to nT 

CM 

O 

to 

to 

rH 

rH 

X 

X 

h- 

» 

cm 

< 

1 

tO 

X 

H 

m 

X 

eg 

nT 

CO 

On 

vT 

1 H 

NO 

NO 

ON 

CM 

to 

X 

to 

CM 

NO 

CM 

nOON 

X 

CM 

X 

t—i 

CO 

m 

CM 

m 

►H 

1 

o 

O' 

t 

NO 

nT 

m 

<r 

to 

N T 

m 

sT 

nX 

m 

m 

NT 

NT 

nX 

m 

m 

nT 

NO 

X 

NO 

NO 

mmm 

m 

m 

m 

m 

m 

NO 

X 

NO 

X 

1 

> 


1 

NO 

x 

X 

x 

x 

x 

x 

x 

x 

x 

NO 

x 

x 

x 

x. 

x 

X 

X 

X 

X 

X 

NO X X 

NO 

X 

X 

X 

X 

X 

X 

X 

LU 

1 

X 

2 

1 

♦ 

• 

♦ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 


• 

■ 

- 

• 





• 

• 


• 


• 



1 

> 

< 

1 

O 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

O 

OOO 

0 

0 

0 

0 

0 

0 

0 

0 

LU 

I 


Ul 

1 































z 

1 


s: 

1 































< 

l 



1 































> 

1 



1 
































nt 

Z 

O 

HH 

\- 

< 

H- 

to 


X 

LU 


CO 

ZD 

« 

s: 

o 

u 


CD 

Q 

a: 


2 

O 

M 

»-< 

<HH 

O' CO 
UJ CL. 
Q. 

O 


to 


h- O 
Z-J 
<LL. 
_J 

O 00 

o < 
O CD 


Li- 

eu 

S 

LUO 
H- UJ 
Q 


QC 

O 

> 

> 


LU 

QC <X 
DH 
CO to 

CO Q. 
UJ 
OC 
Cl 


< 

QiO 
LULU 
O. Q 
2 
LU 


oooooooooo 

mmmmmmmmmm 


moo 

fooovf inNNomiOH 
<\jrovor^-0'0'0>rosoo 
so>TNO(MON<Mmcvjro^o 
oc>a'i-Ho »— jcmcmcjcm 
ooohhhhhhh 

oooooooooo 


^o^ommcMcovocvi^ 

xxotooNCMcomNoo 


ocyjN'j-HCMiruninNO 

tONTtOrOsTvTvTNTsTNX 


mCMONrHCMvXCMONONX 
vo O' inio CO O H N 3 - O' s 
vO^OlflMOHO'O® 
iHCMrOCMCMCMfOCMtOCM 
CM(MCM(M(M(MCM<MOg(M 

oooooooooo 


hOrOCSJrHvJ-^OvJ’CT'COCO 

LT>NTmCOCOLriOsO(\|vD 

mmosTLOxmr^LnsT 

mmvocovococo'o'oco 


s 3 -^NCOO'OH(MK)s 3 * 

OOOOOtHrHrHrHrH 


o oooooooooo 
o oooooooooo 
totototototoiotoioroio 


m 

mtomcMoxcMNXcotooN 

CMovxmoNOcoxmtONX 

CMrHtOrHsTtOOrHCM>XCM 

ooooooooooo 

O H H H rH H H rH rH pH H 
OOOOOOOOOOO 


OCOOMAHNOOHfO'J 

©NtONONxromcMtONOxco 


NXcococMtONTNcrxcooo 

'j-'j'ffimmftWNstoco 


m 

rH 

m 

CO 

CM 

nT 

m 

ON 

m 

rH 

pH 

NO 

rH 

m 

O 

NT 

CO 

m 

CM 

O 

nT 

to 

to 

X 

ON 

NO 

pH 

CM 

O 

CM 

to 

rH 

X 

CM 

X 

to 

to 

CO 

00 

to 

to 

CO 

>T 

pH 

O 

rH 

m 

X 

rH 

CM 

NO 

CM 

to 

On 

m 

rH 

co 

NO 

O 

m 

rH 

O 

ON ON 

CO 

to 

• 

• 

m 

CM 

nT 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 


• 

• 

• 

• 

• 

• 

• 


ON 

ON 

• 

• 

♦ 

CM 

CM 

CM 

CM 

ON 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

ON 

O' 

CO 

ON 

CM 

to 

ON 

CM 

to 

CM 

to 

O' 

ON 

co 

ON 

CM 

pH 

pH 

rH 

rH 

rH 

to 

to 

to 

to 

rH 

to 

to 

to 

to 

to 

to 

CO 

CO 

co 

CO 

rH 

to 

to 

pH 

to 

to 

to 

to 

CO 

co 

co 

CO 

to 

rH 

rH 

NO 

NO 

NO 

rH 

rH 

rH 

rH 

rH 

pH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

pH 

pH 

rH 

pH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 


rHfOCOCMCMCMONtOpHOso 

OCOCOsom'T'J*COfOCMr-t 

comvj-mcsj(Mroo>xoNCM 

NTNONONOcocoN*>mxxNO 


tONxmNoxcooNO»HCMto 

CMCMCMCMCMCMCMtototoro 


ooo 

mmm 


o 

or*, co 

'J'ON 

fOOK) 

OvOO 

OHH 

ooo 


am to 
omo 


to no co 

sT sT vT 


ON 

X 

ON 

O 

O 

m 

NO 

nT 

O 

X 

NO 

NO 

0 

rH 

rH 

NO 

O 

to 

NT 

m 

00 

NO 

m 

X 

ON 

CM 

CM 

to 

O 

X 

CM 

X 

NO 

co 

CM 

to 

to 

rH 

rH 

O 

rH 

to 

X 

nX 

NO 

m 

to 

00 

rH 

to 

rH 

O 

to 

ON 

NO 

rH 

rH 

0 

pH 

NO 

CO 

X 

NO 

CM 

co 

CO 

NO 

m 

NT 

NO 

r—i 

CM 

rH 

to 

ro 

to 

CM 

CM 

CM 

to 

vT 

to 

to 

CM 

to 

to 

CM 

NT 

to 

to 

to 

>X 

nT 

sT 

nJT 

to 

CM 

<M 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CJ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

0 

0 

0 

O 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


CO CO so 
CsJsO NO 

omro 
m no co 


n co o 

to to to 


oooooooooo 

oooooooooo 

totorotototototototo 


osHovjiocoHoin 

osocoooNrocomi-HCO 

hoNhNhNO'MO 

oooooooooo 

OrHHHHHHOHH 

oooooooooo 


CONtOvfifOtOHOHO 

CMNTNOrHNOCOXXtOCM 


xtoinooNOxornso 

rO'j'j-im^sNcocoin 


motoxcomococMo 

HNOpyovToovoromm 

comrONOCsiocococox 

vXNOcoNocoNoxmxNO 


rovrmsor^cooNOrHCM 

N 3 -N 3 *N 3 *NXNj-sr‘tf-mmm 


13 


13200 



TABLE III 





2 




O 


l U_ 


IH 


1 0 






< »H 


1 UJ 


OS to 


1 0 


uj a. 


1 0 


CL 


1 2 


O 




CO 




Q X 




— » UJ 




O CO 




22 




>3 


1 in 


UJ 2 




X 


1 2 




1 0 


■ ■ — 


1 HH 




1 h- 




1 < 




1 f- 


CO 


1 in 


3 




HH 


1 «** 


*>Q 


1 h- 


X < 


1 hH 


OK 


1 X 


> 

rH 

1 UJ 


\ 2 

UJ 



X 

Z 

l UJ 


UJ 

<t 

1 2 


2 

> 

1 < 




1 > 



2 




w 

IH 




H- 




< 



\3 

h- 



H-O 

2 



2 -J 

UJ 



<Ll 

2 



—l 

3 



0 00 

x 

1 H- 


o< 

\- 

l 2 


O CD 

</> 

l < 



2 

1 — 1 



IH 

1 O 




l O 



-J 

1 O 


Ul 

<t 



X 

IH 



2 

a 



UJ CD 

UJ 



h— UJ 

0. 



a 

to 




w 

1 — 


■ 

(O 




2 




O 




IH 



X 

h“ 



0 

IH 



> 

O 




2 

1 MT 


> 

O 




O 

1 2 




l O 



X 

1 IH 


■ — 1 I. 

O 

1 fr— 



or 

1 < 



< 

l h- 


•> 

UJ 

l </> 


UJ 

<0 



X< 

UJ 



3 IH 

a: 



(O l/> 


| «N 


cox 

UJ 

1 H 


UJ 

0 

1 IH 


X 

<1 

1 X 


X 

0 

l UJ 



<0 




< 

1 X 



0 

1 UJ 


UJ 


1 h— 


X 

U- 

* to 


3 

lO 

1 X 


H* X 

X 

1 O 


< 


l 2 


X CD 


1 O 


UJ UJ 


1 O 


XQ 




2 




Ul 




H* 


! O 




t O 




1 X 




ooooooooo 

ooooooooo 

K>K)K>K>tOK>fOfOK> 


OOOOOOOOO 

ooooooooo 

ooooooooo 

ooooooooo 

HfOfOOOsOHHN 

cvjrorofOoo'O'O'N 

f-H i— I i— I r— I CM r— I rH H rH 


H CM CO o fO CM O O CO 
fOOJM'JvOsOrOvJsO 

(MO'orj'a-Nocsa* 

insTLnin'vOvDNNLn 

soxxxxxxxx 


ooooooooo 


rH so o CM X SO 

OvLTlCMK)sOO'sOr^>3- 

OvsOrHCOvOLnr^f*>.rH 

CMOfsMOocMsJ-roirj 

O'OCO'OOCOvO'fO 

O f-H O O rH O O O pH 


OOOOOOOOO 


HfONN^OOfO'O- 


o'OsoN'a-tmmnN 


t-ir^f^.M3cocohOLnos 

osorooxcomcoso 

ror^-r^rOK)fOLnvoso 

CMtOK>K)sJ-v3-sr'3-fO 

CMCMCMCMCMCMCMCMCM 


OOOOOOOOO 


OOO^r^r-»sOs3*LT>N3* 

l^tOCMrHOM^I^sOCO 


OsCMCMCMCOCOCOCOCM 

i-iroiorococococoio 

rH H rH rH i— I rH rH »H »H 


oo»-i(^s3-r^(Mr^(Mco 


Lncop^r^r^Lficooor^ 

COLOCMfOCOOvrHCON3- 


Na-sososouninsounco 


COOOrHCMtOvJ-msO 

imnsososososovoso 

rH rH rH rH rH rH rH rH rH 


OOOOOOOOOOOOOOOO 


immmmrummmrunimmmmmn 


. . . • o o o o - • • <0000 

OOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOO 

OOOOHHNHOOOOMIOHH 

r^CMCMNOCMl'OfOCMr^CMCMsOCMfOrOCM 

msO'OmHHHHinsO'OinHHHH 


rOsOtOCMCOr^rHOsOtOOsCOhOOrHCO 

oo'K)cosor^c\icoc'0'0'j^cO'J-sr 

mOO'M'S'HNiniOOvOfOsOHHsO 

>3*>3'iO'd-immnLrj'j’t^N3->3 , LnLnLnin 

fN.r^rN.r^.r^h*r^p^p^r>-r>.r^r^r^r^r*^ 


OOOOOOOOOOOOOOOO 


rOrHsomcOLnoro<McOrHCMoro»or^ 

r^'3 , '0(Msoco»-«'d-f^.CMcoosoounco 

<MO>Os(MsOCMfOsD(MO>0>CMsOK>fOsO 

rHOOrHOOOOrHOOrHOOOO 



OOOOOOOOOOOOOOOO 


Nd'cooLftovor^f'wcosorOLnroKXMva- 

COvOh-Osl^CMI^ONr^sOLDsOsOrOrHK) 


(MvOOOiO'O'O'Oh-LnvJM'TNCOCO 

rOK)>a-\a-v3'S3'vT>3-»OhOrOrOv3‘s3-s3-s3- 


OOJOrHrHSOM)SOOsK>Or^K>OsOrH 

r^s3-»Hv3‘s3-sosrirt(Mcoi^r^or^v3'ov 

sTvTsOr*-hOLTjSDrHLnr^.OsOsOsDLnLn 

(MCMCMCMrohOrorocMCMrocMhororofO 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


OOOOOOOOOOOOOOOO 


OvO'fO'M^CM'JNfO-ffNOOOH 

oMmnoco(Mror^incMinrN.cotohoco 

mroioso • • • •mrorotn * ■ • • 

• • • * CM CM CM CM • • ♦ ■ CM CM CM CM 

rH rH HH rOrOK>K)rHrHiH»HK)lOrOrO 
SOsDsOvOHHHHsDsO'OsDHHHH 


ostocONinvoox'jrosrcoicioinoin 


>crC0(M0sv3-LnsDC0fHOOC\J0v0sLnc0 

ror^vososocor-iruncosor^vj-Lncoso 

OO^OnOCOCOsDsOOOCOsOsOCOCOn£>sOCO 

rH HriHrHHHHHHHHHHHH 


(Mro>3*insor^cx)osorHCMrov3-Ln^> 

iN.r^r^xr*-xxxcococococococo 

rH iH rH rH rH »H rH rH rH iH rH rH iH rH rH 


14 


187 
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STATIC PRESSURE CPSIA) = 65.757 
TEMPERATURE (DEG F) = 138.26 
TEST VANE COOLANT FLOW (LBS/SEC) = 1.11A8 
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STATIC PRESSURE (PSIA) = 100.20 
TEMPERATURE (DEG F) = 139. 49 
TEST VANE COOLANT FLOW (LBS/SEC) = 1.6841 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = A3. 762 

TEMPERATURE (DEG F) = 136.63 

TEST VANE COOLANT FLOW (LBS/SEC) - 0.052283 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 66.095 

TEMPERATURE (DEG F) = 135.95 V 

TEST VANE COOLANT FLOW (LBS/SEC) = 0.05A480 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 8A.665 

TEMPERATURE (DEG F) = 13A.59 

TEST VANE COOLANT FLOW (LBS/SEC) = 0.065371 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 111. AO 

TEMPERATURE (DEG F) = 133.23 

TEST VANE COOLANT FLOW (LBS/SEC) = 0.064819 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE CPSIA) = 119.73 
TEMPERATURE (DEG F) = 138.95 
TEST VANE COOLANT FLOW (LBS/SEC) = 1.9068 
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COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE CPSIA) = 109.91 
TEMPERATURE CDEG F) = 139.08 
TEST VANE COOLANT FLOW (LBS/SEC) = 1.5169 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 142.47 
TEMPERATURE (DEG F) = 435.36 
TEST VANE COOLANT FLOW CLBS/SEC) = 2.1384 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 140.83 
TEMPERATURE (DEG F) = 134.28 
TEST VANE COOLANT FLOW (LBS/SEC) = 2.0056 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 79.607 
TEMPERATURE (DEG F) = 273.15 
TEST VANE COOLANT FLOW (LBS/SEC) = 1.2152 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 75.386 
TEMPERATURE (DEG F) = 278.39 
TEST VANE COOLANT FLOW (LBS/SEC). = 1.0676 
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STATIC PRESSURE (PSIA) = 72.8A2 

TEMPERATURE CDEG F) = 275.90 

TEST VANE COOLANT FLOW (LBS/SEC) = 0.96970 
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COMBUSTER INLET CONDITIONS 
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KBASED ON CALCULATED AVG TEMPERATURE 



COMBUSTER INLET CONDITIONS 
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TEST VANE COOLING AIR INLET CONDITIONS 

STATIC PRESSURE CPSIA) « 73.813 
TEMPERATURE (DEG F) = 260.02 
TEST VANE COOLANT FLOW (LBS/SEC) = 1.061 A 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 71.829 

TEMPERATURE (DEG F) = 271.63 

TEST VANE COOLANT FLOW (LBS/SEC) * 0.96657 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 70.420 

TEMPERATURE (DEG F> - 274.41 

TEST VANE COOLANT FLOW (LBS/SEC) = 0.90516 



COMBUSTER INLET CONDITIONS 
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XBASED ON CALCULATED AV6 TEMPERATURE 
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COMBUSTER INLET CONDITIONS 
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TEST VANE COOLING AIR INLET CONDITIONS 

STATIC PRESSURE CPSIA) = 72.226 

TEMPERATURE (DEG F) = 277. 3A 

TEST VANE COOLANT FLOW (LBS/SEC) = 0.96915 
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*BASED ON CALCULATED AVG TEMPERATURE 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 87.077 
TEMPERATURE (DEG F) = 368. AA 
TEST VANE COOLANT FLOW (LBS/SEC) = 1.1A62 
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STATIC PRESSURE (PSIA) = 88.317 
TEMPERATURE (DEG F) = 397.77 
TEST VANE COOLANT FLOW (LBS/SEC) = 1.1532 
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COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 87.833 
TEMPERATURE CDEG F) = 389.55 
TEST VANE COOLANT FLOW (LBS/SEC) = 1.1502 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 85.420 
TEMPERATURE (DEG F) = 400.38 
TEST VANE COOLANT FLOW (LBS/SEC) = 1.0498 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 83.682 

TEMPERATURE (DEG F) = A01.28 

TEST VANE COOLANT FLOW (LBS/SEC) = 0.98739 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 81.985 

TEMPERATURE (DEG F) = 401.93 

TEST VANE COOLANT FLOW (LBS/SEC) = 0.91652 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 81.847 

TEMPERATURE (DEG F) = 400.45 

TEST VANE COOLANT FLOW (LBS/SEC). = 0.92196 



COMBUSTER INLET CONDITIONS 
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*BASED ON CALCULATED AVG TEMPERATURE 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 81.944 

TEMPERATURE (DEG F) = 402.40 

TEST VANE COOLANT FLOW (LBS/SEC) = 0.92314 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 82.030 

TEMPERATURE (DEG F) = 402.98 

TEST VANE COOLANT FLOW (LBS/SEC) = 0.91662 



COMBUSTER INLET CONDITIONS 
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XBASED ON CALCULATED AV6 TEMPERATURE 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 85.600 
TEMPERATURE (DEG F) = 402.49 
TEST VANE COOLANT FLOW (LBS/SEC) = 1.0451 



COMBUSTER INLET CONDITIONS 
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xbased on calculated avg temperature 
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COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 89.843 
TEMPERATURE (DEG F) =■ 175.96 
TEST VANE COOLANT FLOW (LBS/SEC) = 1.3777 



COMBUSTER INLET CONDITIONS. 
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ABASED ON CALCULATED AVG TEMPERATURE 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 63.542 

TEMPERATURE (DEC F) = 162.19 

TEST VANE COOLANT FLOW (LBS/SEC) = 0.019828 



COMBUSTER INLET CONDITIONS 
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COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 123.30 

TEMPERATURE (DEG F) = 164.50 

TEST VANE COOLANT FLOW (LBS/SEC) = 0.066205 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE CPSIA) = 172. 47 
TEMPERATURE (DEG F) = 178.66 
TEST VANE COOLANT FLOW (LBS/SEC) = 2.6670 



COMBUSTER INLET CONDITIONS 
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XBASED ON CALCULATED AVG TEMPERATURE 
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COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 173.34 
TEMPERATURE (DEG F) = 181.90 
TEST VANE COOLANT FLOW CLBS/SEC) = 2.6693 



COMBUSTER INLET CONDITIONS 
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*BA$ED ON CALCULATED AVG TEMPERATURE 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 153.86 
TEMPERATURE (DEG F) = 181.90 
TEST VANE COOLANT FLOW (LBS/SEC) = 1.8707 



COMBUSTER INLET CONDITIONS 
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XBASES ON CALCULATED AVG TEMPERATURE 
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COMBUSTER INLET CONDITIONS 
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XBASED ON CALCULATED AVG TEMPERATURE 
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STATIC PRESSURE (PSIA) « 161.95 
TEMPERATURE (DEG F) = 779.69 
TEST VANE COOLANT FLOW (LBS/SEC) = 2. 1159 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE CPSIA) = 106.28 
TEMPERATURE (DEG F) = 775.19 
TEST VANE COOLANT FLOW (LBS/SEC) ■ 1.3880 
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COMBUSTER INLET CONDITIONS 
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XBASED ON CALCULATED AVG TEMPERATURE 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 151.42 
TEMPERATURE (DEG F) = 216.13 
TEST VANE COOLANT FLOW (LBS/SEC) = 2.0630 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 146.59 
TEMPERATURE (DEG F) = 215.58 
TEST VANE COOLANT FLOW (LBS/SEC) = 1.8561 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE CPSIA) = 1A4.I4 
TEMPERATURE (DEG F) - 216.86 
TEST VANE COOLANT FLOW (LBS/SEO = 1.7557 



COMBUSTER INLET CONDITIONS 
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COMBUSTER INLET CONDITIONS* 
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KBASED ON CALCULATED AVG TEMPERATURE 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 1AA.11 
TEMPERATURE (DEG F) = 215 72 
TEST VANE COOLANT FLOW (LBS/SEC) = 1.7078 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) « 1A1.21 
TEMPERATURE (DEG F) = 1AA.55 
TEST VANE COOLANT FLOW CLBS/SEC) = 2.0177 



COMBUSTER INLET CONDITIONS 
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*BASED ON CALCULATED AVG TEMPERATURE 



COMBUSTER INLET CONDITIONS 


tO C_r-a'(NJU 1 K>^TOOflOK>COs 3 -r^vO 

w w #h in rsj to a> n* ® o nj vs* m r- in ni 

— i -JNWHKJNsOOOeONpHBCgN 

V SO'CO'OWHOOOOHlOinCOO' 



<000.00000000000000 

w w It 

X X 



i 

t 

LU 

Q /h 


to 

i 

»-i < 


LU 

i 

tOlLH 



i 

oz to 


3 

i 

K 30 - 

in to 

to 

i 

2 tO w 

mtsj 

to 

i 

< to 

’CO 

LU 

i 

-JLU tO 

CO • 

az 

i 

O Z LU 

H O' 

a. 

» 

t 

o<r a: 

O> 0 - 

HON 


CO -H 

co hn in 

NIK) 

N.rs.roo'co 

> 3 - CO 

K) or^ <r co 

rH Nl 

NJ Nl Nl NJ »H 

H rH 

HHHHH 


X 


h~ 



< 



CL 



CO 



< 



CD 





< 

G 


L U»-H 

Z 


LU Qi tO 

< 


G 3 o_ o in o 



H©w®«N 

co 


to tOHSH 

lu 


LU tO • • • 

CL 


in Z LU K) 00 X 

X 


<<a; o co to 

K 


CD>CL 

< 



06 



LU 




HOHsfMO'NNO' 

fHCONUnOsTsONJO 

• • N 

or-oosovoimnco • 
njninininjni.h©^ 

HHHHHHHHflD 


in 

o 

isi 


CD 

z 

»H 

G 

< 

LU 

0 £ 


LU 


0 . 

X 

LU 


< 

H- 

LU 

x 

LU 


o. 

LUX 

G LU /h 


*— » h— lu cvj in 
10 to NJ 


LUO • * 

tO Z LU 'O N 
<KflWC 
O >w<r ro 


NJ 


CO 

<r 

K> 


H(MOinHOK5©NNN 
SMOCJ-ff ©rHOONOO 


soosOiHNjNicoincoxr^ 

NiK>aOK 5 r-.inr^in< 7 '*H.H 

'iT'jtnsointnv 3 -rO(MK>>y 


< 

> 


tO 

LU 


a to 
x a 
Hfi- 


sounva-KXNjr-ia.o.r-tcsirO'a-inso 

iOintniototototntuQ-a_o_a-£U 


f^O 

U) rH %T rH sfr N. Os O 

> 3 * * *<rin -too 

NMOKJimOhOO 
• -WNO 
NJ sT sO ^ s© > 3 " • sj 
O'rHH'f IflHOH 


to 

X 

o 


Nl 



Niin 


ii n a u n n n ii th 

NNHIfl 

co 

H^cin 

NJ TO O C 0 


a 

HHOsf 

r- 

rs. • . 

Ni GO SO K> 


z 

• <r • o 

• 

• in >© 

O • rH SO 


o 

so •rO'O 


OONJ 

• <r nj o 


o 

O C 0 rH • 

s* Nl 

TO sO CO 

OS SO • • 



so TO Nl O 

1 rH 

HHH 

fOsTOO 


h- 


< 1 




«-> LU 

If II H H 

b- 1 II 

fl II H 

II II V ■ 


3 -1 


to 1 




o z 


w 1 



to l 

— J TH 


to 


oc 



o 



G 


I- 

1 


O 

z 

< 


HH 



< 


TH 

1 


< 

< 



H 



C* 


G 

1 


a: 

-J 

CD 


TH 





z 

1 

• 


o 

Z 


Q 



• z 

rv 

o 

1 

CD 

z 

o 

HH 

LU 

Z 



CD C 

(_> rH 

a 

1 

> 

< 

o 

— J 


O 



> UJ 

LUO 


1 

< 

UJ 


o 

LU 

o 



<<£ 

tO LU 

»- 

1 


X 

-JO 

o 

LU 




H 

x to 

HH 

1 

to 


< LU 

o 

G ^s 

T— 



to • • 

to X 

X 

I 

<r 

• 

h-to 


w(J 

LU 



0.00 

Oh • 

LU 

1 

LUO 

o 

ox 

LU 

LU 

-J 



w_l-i 

-JLU O 


1 

X-J 

-J 

l-T- 

z 

LU CO 

Z 


r> 

<< 

wwZ 

06 

1 

< 

< 

LU 

< 

Q£X< 

rn 


CD 

•o o 

> 

O 

1 

m o 

o 

-J w 

> 

DtOH^s 



> 

to 

3 xo 

H 

1 

z 


o 


CO to u 

oz 


< 

< 

OJU 2 

< 

1 

T— 


r^Z-l 

H- 

< -JQu LU 

O 


w 

LULU 

-J LU < UJ 

h- 

1 

tO LU 


O H LU 

to 

06 w w <0 

H* 



XOC 

U->X>H 

to 

1 

06 


LU w> 

LU 

LU X 

< 


LU 

3 

o 



UJ 3 


CO 06 

H- 

0-3 LUtO 



06 

LU h~ 

to to to TH 



ac h- 


xjtn iu 


roctaj 

to 


3 

Q£ < 

<<<lu 



3 < 


too < OQ 


LU — OU 



to 

3 nc 

CD CD CD LU 



to QC 


n — i CD x 


h- U- tO w 



to 

to LU 

LU 



to UJ 


-ILL 06 3 


to 



LU 

too. 

XXX 



LUO. 


w xiuz 


06 0 CLU 3 



06 

LUX 

<<<06 



OCX 


to <« 


HHQJO 



Q. 

06 LU 

UJLU LUO 



CL LU 


3 < LUX to 


<<£L-I 




0 - h- 

06 06 06 



h- 


O CD CL 3 G 


LU 



O 


h-h-h- tO 



o 


-J h- Z — 1 


1 — » — t— 



HH 

JJ 

CO tO tO 3 



►H -J 


LU — 1 (O O 


LU LU LU -J 



h- 

<< 

zzzco 



H" < 


<ZXZ 


UUUUJ 



< 

h-h- 

H HH x 



< h- 


to h- H o > 


ZZZ 3 



h- 

oo 

«t <£<0 



1-0 


< 0 <<LU 


HHHlU 



to 

h-l“ 

xxxo 



tO T— 


CDf-XXOC 







* 





* 



o 

a 

LU 

to 

< 

CQ 

* 


88 


STATIC PRESSURE (PSIA) *= 151.86 
TEMPERATURE (DEG F) = 220.66 
TEST VANE COOLANT FLOW (LBS/SEC) = 2.0557 



COMBUSTER INLET CONDITIONS 
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*BASED ON CALCULATED AVG TEMPERATURE 



COMBUSTER INLET CONDITIONS 
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XBASED ON CALCULATED AVG TEMPERATURE 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) « 1AA.23 
TEMPERATURE (DEG F) - 221. 42 
TEST VANE COOLANT FLOW (LBS/SEC) « 1.7605 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) * 1AA.22 
TEMPERATURE (DEG F) = 222. 2A 
TEST VANE COOLANT FLOW (LBS/SEC) = I.7A72 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 1A4.68 
TEMPERATURE (DEG F) - 220. 64 
TEST VANE COOLANT FLOW (LBS/SEC) = 1.7530 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) - 1A1.37 
TEMPERATURE (DEG F) - 151.87 
TEST VANE COOLANT FLOW (LBS/SEC) • 1.9801 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 192.48 
TEMPERATURE (DEG F) = 143.10 
TEST VANE COOLANT FLOW (LBS/SEC) = 2.9857 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) * 187.97 
TEMPERATURE (DEG F) ■ 155.39 
TEST VANE COOLANT FLOW (LBS/SEC) = 2.7681 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 181.10 
TEMPERATURE (DEG F) = 155.56 
TEST VANE COOLANT FLOW (LBS/SEC) = 2.5084 



COMBUSTER INLET CONDITIONS 
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*BASED ON CALCULATED AVG TEMPERATURE 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 178.66 
TEMPERATURE (DEG F) = 163.86 
TEST VANE COOLANT FLOW (LBS/SEC) = 2.3932 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE CPSIA) = 179.35 
TEMPERATURE (DEG F) = 165.08 
TEST VANE COOLANT FLOW (LBS/SEC) * 2.3538 
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COMBUSTER INLET CONDITIONS 
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9CBASED ON CALCULATED AVG TEMPERATURE 



COMBUSTER INLET CONDITIONS 
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STATIC PRESSURE (PSIA) = 206.86 
TEMPERATURE (DEG F) - AAA . 53 
TEST VANE COOLANT FLOW (LBS/SEC) = 2.59A3 
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TF11 . 590 329.09 
TF12 .722 350.38 
TF13 .816 372.09 

KBASED ON CALCULATED AVG TEMPERATURE 



SPECIAL INSTRUMENTATION VANE READING NO. 
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ABASED ON CALCULATED AVG TEMPERATURE 
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SPECIAL INSTRUMENTATION VANE READING NO. 59 


I 

CD < 
UJ I 
Q i 













x 

1 













UJ 

CM 













U. I 

* 





to 








to 1 

* 




O 

UJ 








2 i 

M 

O' CM SO NO Sj* in 



>c s© in 

CL 


tO CL 






< li. 1 

U. 

CO pH M CO >T CM 



in s© in 

X 


w w 






CL UJ l 

I 




N *N 

CO 


-J -J 


f^O'(sune*sro®K>®»<rr-so 




HO l 

CL 

ONKNH V 



•NsT 

to 


V s 


HincMsorN-^ocMsTrorof^incM 

to 



O 1 

X 

NCONVUI'O 



cs JrO • 

UJ 


rs 


r^rOf-ojcONOOCor^^^corur**. 

UJ 



K l 

V** 

CM CM CM CM CM CM 



NT HO 

OC 


too. 


^eo^MHoooHioKuncoo' 

ID 



< 1 

\ 


to 



0. 


w w 



< 



UJ I 

3 


2 


11 It II 



XX 



<D 



X I 

K 


O 



X 








1 

« 


M 



M 





X 



i 



M 



< 





X 



1 

As 


M 



CL 





-J 



l 

CM 


Q 



to 





u. 



1 

* 


2 



< 








1 

* 


O 



o 





H 



X i 

h- 


o 




UJ 



< 


UJ 

X t 

U. 

C0OVOHV 



AS 

© 


2 



UJ 


<J 

-J< 1 

1 

HO in N so 'O 

h- 


o 

2 


< 



X 


< 

U.X. 1 

o 

tOHincooo 

UJ 


UJ 

< 


> to 





Ll 

X I 

UJ 

©O' »in • • 

-J 


to 



to 



o 


CL 

H- I 

to 

• ■ O • H H 

2 


V 

to 


UJ UJ < "*s 



2 


X 

< i 

w 

ocohohh 

ph 


to 

UJ 


PttC 


OFHa»r-irN>rslr»o(MOO>DOtn>-t 

< 


to 

UJ i 

\ 




© 

CL 


ph £L h 


O'tMOMsomoCMCMsooo'Kio 




X 1 

X 


(L 


—1 

X 


to to 


'OO'fO^flDMfMsOO'HHKJOO 

to 


UJ 

1 

h* 


H 


w 

H- 


IL CL 



UJ 


Od 

1 

n 


< 


rs 

< 


to CL w 


'O’CNjrorsiO'a-O'P^r^fN.r^syom 

-J 


X 

1 





<-• LL 3 

Od 


<r x 


rOK>POK>'3-*a-s3‘<3“s3-tf-sXs3-*3-K> 

CL 


to 

1 


CO vT CO O- CO NT 

o 


<r o 

UJ 


CD CO 



X 


to 

AS 1 


to r*> ro m ro rs» 

2 


H0J 

CL 





o 


UJ 

CL I 


H CO pH 00 H CO 

PH 


(O UJ u. 

2 





o 


CL 

w l 


ro m ro m ro m 

-1 


a. a 

UJ 





o 


CL 

-J 1 



o 


w w 1— 

h» 





X 



X l 



o 


2 






CL 



X 1 



o 


UJ < 

-J 





UJ 



1 





or -j 

< 





X 



1 



UJ 


3 O 

K 


UJ 



1- 



1 


HfSJ HCMrOsT 

2 


to • o 

UJ 


o h 






1 



< 


tOUJO 

x 


PH U. 


CO m SO fO O' PH 

Q 



Od 1 


UiUJUUOU 

> 


uj or 



to CL 


*© CD VON K) 

UJ 



OIL/ 1 


O0 \ ws 



CLXUJ 

UJ 


zo 


• « • • • • 

2 



to CL t 


<<hhhh 

h 


CL • 2 

2 


to UJ UJ 


nt co 'cr o* co o 

PH 



Z> 1 


(DU 

to 


<< 

< 


<r-a 


m co mr^ro ph 

< 



UJM l 



UJ 


UCL> 

> 


CD w 


ro CM tOrOK) K) 

CL 



to I 


220000 

h- 


PH UJ 









1 


O OUJUJUJUJ 



hlh 

h 








l 


O O CL CL CL Od 



< 2 : to 

to 








1 


Od Od H H H H 



H- UJ UJ 

UJ 










«<«««< 



tO h- M 

H- 


UJ * 


soinsTrocMHCLHfMrorosTinNO 






CD CD CL CL CL (L 


2 <0 
< O 
> 0 . 


tO(OtO(OiOtOtOQ.Q.Q.CLa_a.CL 














O'© 



LL 

coinsTroinsONOMOM 












C'VNNN 

CO CM© 



Cl CD inoeinooioNoio 









N© © 



ST O' CM in CO 

H CM O 



XUJ 






H 

NT 

sT CO 

H CO CM O 



ro • ‘COon 

• O © 



LUO sDOCMsTO'HhCMnO'T 






O 

>T 

ros© 

co ro in o 



• «rin * . 

ONin 



m nt m in st ro co m co m © 






in 

a 

• • 

•HHO 



inrorosotM 

CO • CM 



rororororororOMfOsT 






• 


CSJ CM 

in * cm o 



fO nTnT CM ro 

O' © H 










O' 

in in 

Hin • • 







A 



O 



< 

nT 

sT nT 

rocM o © 



It II H II II 

II II II 



to 



ro co h o 













2 LU w 



C ro cm o 



ii 

II 

II II 

it n ii ii 







oo-j 



• H • o 













M<V 



00 • CM O 

AS 












hlLAOCOsf VVNDOOO 



imnso • 

NT 












U2tOsT>TCMCMCM©COCOCOCM 



nTCMh© 













S3wHrti»tf tfiflinunriB 




< 








P’S 




MMX 



II H II II 

M 








3 


to 



CO 



to 








o 


LU 



2 



w 










u 



O 







AS 




LL 


CL 



H 



to 




Ll 




A 


3 


Od 

M 



2 








U. K 


o 


O LU NO- m SO N* 00 O' O H CM ro 

H 



O 




u 


to 


X 


U 


tO CL h H h H h H CM CM CM CM 

o 



H 




UJ o 


X 


400 C 


o 


Z> U. U. U- U. LL U. LL IL LL LL 

2 



H 




o« 


o 


*1UJ< _l 


X 


UJ h- MMMMMMMMMM 

O 



H 




wOC 


H 


too CL O 


Od 


to 

o 


as 

o 





PN A 



Q.w O 


UJ 





Ll 

2 




•2 

UU 

H 


w 2 U 

AS 

X 



M 



O 



A 

CD < 

UlUJ 

o 


•< 

u 

M 



UJ 


u 

o 



< 

>UJ 

to to 

2 


•CDUJ 

UJ 






UJ 




PH 

<s 

s\ 

O 


M>X < 

to 

X 



2 


o-' 

m 



to 


►-to 

o 


««X H 

V 

-J 


Ll onwhokinnhcdonm 

H 


wu 

UJ 



CL 

• • 

Ll © * 



UJ • o 

M 

M 


ON©tM©'TON‘TsTrHOvK)CMM 



UJ 

-J 



w 

uu 

w^O 



XOO f- 

IL 

u. 


CL CD 

CL 


UJ to ^ 

2 




mJ mJ 

w2 

H 


JJ 

w 



X UJ fsJO.vJ-COMCMPJeCSO'OfJrt 

UJ 


CL ^ < 

H 



• 

<< 


X 


m<< mJ 


2 


UJ a so CO ro CM NT N« CM CM CM NA ro so Os 

m 


DWHa 




to 

UU 

J3XU 

UJ 


zoo u 

_J 

H 


M ro ro ro ro ro ro ro ro ro ro ro ro io 

tfl 


I- A tOL) 

CL 



< 


LUO 02 



K «2 

UJ 

X 



X 


< —ML. LLl 

O 



UJ 

UJ 

>-l< LU 

CL 


tOLU Oh 

> 

M 


AS 

CQ 


Od W w (/) 

m 



£ 

CL 

Ll X h 

o 


CL UJn^ 




UJ CL 

z 


UJ V 

< 


UJ 


X 

to o 

K 


UJ X to 

(0 X 



XUJw 

o 


C.3UJI/S 

h 


CL 

UJ 

M 

< to iO ph 

< 


CLH SJ 

< Ul 



xu-j 

o 


2 O CL CO 

to 


X 

Od 

< 

CD < < LL 

h 


3< VIO 

CD n 



lO< *N. 



LU-UX-J 



to 

X 

CL 

CD CD U. 

to 


to CL CQJ 

X 



ML.'“eNOOON'f<rvJv8DM>o 



r-u. to w 



to 

to 

UJ 

X UJ 



COUJ ULL 

2 CL X 



LUCL£LrOf^r^r^rsscininms7\rfMH 



to 



UJ 

to 

CL 

<zz 



LU CL w 

<UJ2 



a^wooHHHNrororovmseo 



OdOd LUZ 



CL 

UJ 

X 

uj<t < cl 



XX Ul 

LU© 







whKO 



Oh 

a: 

UJ 

CLUI LUO 



XUJ 3 < 

XXbO 






<<0.-1 




CL 

1- 

M IL (L H 



*- O CD 

MXO 






Ll 



o 



to r— h- to 



U -1 

tO 2 _J 



Od 



hHh 



H 

— J 

_J 

2 to to X 



MU Ll -1 

2 O 



OUi 



UJ UJ UJ -J 



M 

< 

< 

HZZM 



l-« < 

HIZ 



to cl HCMrONTinNors-coosOHCMto 



H— J-J LU 



< 

M 

M 

<hhZ 



«S»- tfll- 

<U> 



2> ©O ©OOOOOOhhhh 



2Z2X 



M 

O 

o 

X««0 



MO <0 

x<ui 



UJt- U. U. LL U. Ll Ll II ll-U. LL L. IL U. 



HHHlL 



to 

M 

H 

xxxu 



WH (DH 

*xx 



to r-MMMMMMMMMr-MM 


108 


XBASED ON CALCULATED AVG TEMPERATURE 



Z I 

I 

CD I 






to 






<T 

UJ 






NNO 

Z 


00 ft. 




«OvO 

3 


w w 




© * (Si 

to 


-J-J 




•f*. K) 

00 


ss 




ODfO • 

LU 


/N PN 




K>eH© 

z 


too. 


00 



u. 


w w 


z 


i 11 It 



XX 


o 



z 




►H 



1- 







< 




►H 



CL 




p 



00 




z 



< 




o 



CD 




o 





UJ 





P 


z 


1— 


u 

Z 


< 


UJ 


Ui 

< 


>00 


-J 


00 



00 


z 


s 

oo 


UJ LU 


IH 


00 

UJ 


DQC< 




m 

ft: 


MO.H 


Of 


— j 

3 


00 00 


M 


w 

1— 


U. ft. 


< 



< 


oo ft: w 




*-N Z DK 

ft: 


« 


CD 


< O 

UJ 


CD to 


z 


hC j 

ft. 




PH 


tOLUZ 

£ 




-J 


ZP 

UJ 




o 


w w Z 

H 




o 


z 





o 


Ui < 

-J 






Z -J 

< 




LU 


3 o 

►— 


UI 


z 


00 o 

UJ 


P <-N 


< 


00 LUO 

£ 


M Z 


> 


UJZ 



00 0. 

o 



Z3LU 

UJ 


£ CD 

NO 

H 


ZKZ 

z 


00 LULU 


00 


<< 

< 


<1-0 


Ui 


oz > 

> 


CD w 

• 

K 


M LU 




o 



H* Z ►” 

1- 



z 



<£to 

00 






1- LU LU 

UJ 



CD 



C/0 ►— 1— 

1- 


UJ • 

z 






ZOO 

PH 






<o 

p 






> ft- 

< 








r<*e'<Mino'*’Ocoroco<o*'h»to 

«HinfMNor>.r^ocM'TrororvincM 

r^ro*H<r€0^ooor^i-«^HOO<Nihv 

O'CO'CtOHOooHfoioincDO' 


insTinNyooinNOHOONCH 

O'Of^vTMr^r-INsONONNvO 

sfiOH\OK)>THlflC£)»HHrOO'»H 


>TK)ro(Njcovycrf>»rvrs.r>.>5-c'm 

rorororor«0'T^‘Nr>T'T'T>Troro 


NO 

'ft 

P no 

m 

hO 

O' 


>3“ 

r- 

O' 

•h© r*- 

(Si 

CO 

o 

NtMT 

ro 

ro 

ro 

ro ro ro 

ro 


NOin^KOroi-4Q.^Hcgforo^invo 

OOOOcOoOoOtOOOZft_ft.ft.ZZCL 






P 





ft: 

l 





UJ 

CSJ 





z « 

* 





OO I 

* 





Z I 

H 

© >ft uo < ro cm 




< U. 1 

U. 

vooch^^H 

oo 



ZZI 1 
i-o I 

Z 



»hnTCMOCMCD 



O i 

X 

no sftCMrosr vr 

ui 



1- l 

w 

CM CM CM CM CM CM 

CD 



< i 

V 


< 



LU I 

3 


o 



X 1 

H 





l 

CO 


X 



1 



3 



1 



-J 



l 

CM 


u. 



I 

* 






* 


►- 



X i 



< 


UJ 

3 i 

z 

NHHHOVO 

UI 


u 

— * « i 

1 

mrocMin cm cm 

X 


< 

Z\ » 

o 

© ® O' r^ rH ro 



z 

O l 

UJ 

NCOOO'ON 

p 


ft: 

H- I 

00 


z 


3 

< l 


eoNft oo 

< 


00 

LU l 

X 




X t 

3 


00 


Ui 

1 

h- 


Ui 


ft: 

1 

CO 


-J 


3 

I 



ft. 


00 

• 


co <r co <t co <f 

3 


00 

| 



o 


UJ 

ft. 1 


**C0 HC0HC0 

o 


z 

W 1 


romromrotn 

o 


ft- 

— J 1 



£ 



S 1 



Z 



X I 



UJ 



1 



X 



1 



H- 



• 


•HCMfHCMrosr 

ca 



ft: i 


UiUJOUOO 

UJ 



Q LU I 


fflovvsv 

Z 



00ft. i 


< <r-r- i-i- 

HH 



2> 1 


oo 

< 



LU H- l 


ft. 



10 1 
« 
l 
l 


GARD0N 

GARDON 

PAIRED 

PAIRED 

PAIRED 

PAIRED 


z 

<•© 







ro 

<■ 

NO CM 

cm m nt o 



LU 




O' 

O' 

O' m 

to on O' o 



z 




ro 

ON 

■ • 

• r-4 »-4 O 



< 




• 

• 


CM 'CM O 



> 




K 

CO 

Lrun 

cm in ... 





© 


c- 

'O' 

MT 

ro cm© o 



z 


roinino 








o 


imnc o 


II 

II 

II II 

ii ii ii it 



1-4 


• *h -© 







> 

K 


© • CM © 








< 


>ft m>ft • 







LU 

1- 


^ Nho 








z 



< 






CO 

UJ 


II II H II 

1- 






< 

£ 

00 

i 

00 






1- 

3 

z 

1 

w 







Z 

o 

l 








1- 

PH 

1 

00 



U. 




00 

K 

t 

z 







z 

►H 

1 

o 



CD 


00 


ph 

P 

1 

ph 



LUO 


z 



z 


H» 



P< 


o 


•J 

o 


ph 



w q: 


PH 


< 

o 

1 /“N 

P 




/-» rs 

H- 


r-4 


z 

Z 



•Z 

OO 

PH 


O 

1- 


o 


#-> 

CD < 

LULU 

P 


UJ 

Ui 

CD 

L> 


< 

>UJ 

00 00 

z 


0. 

-J 

LU 



PH 

<£ 

SS 

o 


00 

z 

P^-N 

h- 


oo 


»- 00 

o 



*h 

wO 

LU 


CL 

• • 

Li- CQ • 





UJ 

u 


w 

OO 

v JO 

h- 



z 

lUtO'"' 

Z 



JJ 

wZ 

PH 



UJ 

Z v s< 

♦-4 


• 

<< 

> 

X 



z 




00 

oo 

J3ZU 

Ui 



oo 

1- CO too 

Z 


< 


UIOUZ 




3 

< -J ft- LU 

o 


UJ 

UJ 

>-J<LU 

z 



CQ 

a: w w to 

H 


£ 

z 

U- £ HH 

p 



£ 

UJ V 

< 

i Ui 


3 

to o 

H- 



O 

Z 3 UJ to 

H 

1 z 

UJ 

1— 

< </>i0 M 

< 



u 

£ OZffl 

00 

1 3 

z 

< 

CD<< U- 

p- 




UJJftJ 


00 

3 

z 

CDCDU. 

00 




hlnOw 


00 

OO 

UI 

£ Ui 





oo 


LU 

oo 

z 

<££ 





ZZUJ3 


z 

UJ 

£ 

Ui<<Z 





hwq:o 


ft. 

z 

LU 

Z LU LU O 





< <Z-U 



ft. 

1- 

KZZ1- 





z 


u 



oo r- 1 - oo 





hhl- 


»H 

u 

-J 

ZOO to 3 





UJ LU UJ J 


r- 

< 

< 

hZZ « 





-J-J-JLU 


< 

1- 

1- 

<WNS 





ZZZ3 


1- 

o 

o 

£<<0 





HNHlL 


tO 

1- 

1- 

)K ££U 



NT in © CM O' 

fN-O 


Z 

CM'fi'TsT'TCMOrOCMCM 

CM M5 © 


cl CD 0'0'0'inoo^<sjrt'd 

©CMCOK) CM 

iHCM © 


£LU 

ro . -rom 

• © O 


zp cm 'T < r^. nt ^ n* in 

•ro ro * • 

m fN. nt 


H N O' f- 'C & H O' N — 1 

U0 sT sT Nft CM 
rO'T < (Mro 

CO .eg 
ftOH 


rororororororOp-irONT 

ii ii ii ii n 

o 

3 

o 

n ii ii 

00 

UJ 

£ 

ZUi w 
OO J 

IH< V. 

r-Z^OOsT'T'TCMOOO© 
OZLO'T'TCMCMCMOPCOCOCM 
33N-.H^ro'T'TNTwfunLmn» 
to 00 

•J 


— i 


LL 


z 




3 

z 

u. r- 


O 

o lu nt tn no rv a) o' o «h cm ro 

^ z 


o 

to ft- Hh4HHHh4CJNNN 

<oc < 


o 

Z > LLLi.LLU.U-U.LLU.LLU. 

PH UJ < 


£ 

UJ H HHHHHHHHHH 

oooz o 


z 

00 

Z W o 


LU 


W z O 

r\ 

X 


•< 

o 



•OU.> _l 

UJ 




00 

£ 


C < K 

X 

-J 

ll m r» vo o> rvj -e -< rv eo eo co co c> 

LU - O 

h- 

H4 

-ONrtWifMr.NNaeoo'H 

KUO 

z 

Z 

Z CD . 

-J-J 

w 


£ UJ O' sr <9 H «V<9' >0 O' O CO » O CO 

in<< —i 


z 

UJO co -< so in eo m «r \c a> o e> o 

zoo o 

-U 

P-4 


«Z 

LU 

X 

OO LU U»H 

> 

K 


Z LU W 



UJ z 

LU 3 to 

to z 


Z UJ W 

net- ss 

< LU 


3 CD— J 

3 < too 

o « 


oo <\ 

00 Z CO -J 

s 


tOLU^N'OCMOOOCM'T'T'TNftiong^ 

00 LU -J U- 

rets 


tuzzron.hvr^r^sfttnLnio>T>T(M»H 

UJ ft. w 

<UJZ 


0£Ov.OO— o-^CSifOKlfO^USh-CO 

Z £ to 

Z LU z< 

1- O CD 

UiO 
Z £ (O 
hSO 


zoox 

U u 

IOZ J 


z 

»H _J ft 1 

z o 


O LU 

b-< < 

MlZ 


ooz »h CM rO <• m 4ft fN. ® ^ © hh eg K) 

*£ H» (0 h 

«ro> 


z> OOQOQOOQOhhhh 

HO <0 

sr «tui 


LU H U. U. LL Ul U. U. Ll U. Ll Ll u. Ll U. 

to k CD r- 

X. KCt 


OO hhhhhhhhhhhhh 


109 


XBASED ON CALCULATED AVG TEMPERATURE 



COMBUSTER INLET CONDITIONS TEST VANE COOLING AIR INLET CONDITIONS 
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COMBUSTER INLET CONDITIONS TEST VANE COOLING AIR INLET CONDITIONS 
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COMBUSTER INLET CONDITIONS TEST VANE COOLING AIR INLET CONDITIONS 
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*8ASED ON CALCULATED AVG TEMPERATURE 
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XBASED ON CALCULATED AVG TEMPERATURE 



SPECIAL INSTRUMENTATION VANE READING NO. 78 
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XBASED ON CALCULATED AVG TEMPERATURE 



COMBUSTER INLET CONDITIONS TEST VANE COOLING AIR INLET CONDITIONS 
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XBASED ON CALCULATED AVG TEMPERATURE 
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XBASED ON CALCULATED AVG TEMPERATURE 
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KBASED ON CALCULATED AVG TEMPERATURE 



COMBUSTER INLET CONDITIONS TEST VANE COOLING AIR INLET CONDITIONS 
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ABASED ON CALCULATED AVG TEMPERATURE 



SPECIAL INSTRUMENTATION VANE READING NO. 96 
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SPECIAL INSTRUMENTATION VANE READING NO. 1A7 
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COMBUSTER INLET CONDITIONS TEST VANE COOLING AIR INLET CONDITIONS 
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SPECIAL INSTRUMENTATION VANE READING NO. 180 
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SPECIAL INSTRUMENTATION VANE READING NO. 184 
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SPECIAL INSTRUMENTATION VANE READING NO. 187 
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XBASED ON CALCULATED AVG TEMPERATURE 



10 atm 



AMBIENT 


MAIN AIR SYSTEM 


(a) Perspective view. 
10 atm /550 °F 


HIGH-PRESSURE AIR SYSTEM 
(b) Flow schematic. 
Figure 1 . — Hot Section Facility. 
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STATION 6 

RETRACTABLE TURBINE VANE GAS 
TEMPERATURE OR GAS PRESSURE 
SURVEY PROBE 


STATION 5 
; VANE ROW EXIT 


STATION R 

RETRACTABLE TURBINE VANE 
FIBER-OPTIC PROBE; GAS 
q TEMPERATURE OR GAS 
| PRESSURE SURVEY 
PROBE 



♦■GAS FLOW 
COMBUSTOR 


y BLADE 
COOLING 
AIR 

CD-8A-15183 

Figure 2 — Schematic cross-section ol the turbine rig showing the combustor and the vane row. (Note the turbine disk 
in place with the blades removed.) 


COOLING AiR 



C-84-5543 


(a) Slave vane, shown in partially machined form, and test vane, shown in finished form. 



(b) Partial assembly of FCFC stator case showing test vane sector. 
Figure 3— Full coverage film cooled (FCFC) vanes for the turbine rig. 
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RADIAL GAS PATH 
SURVEYS 

- TEMPERATURE 

- PRESSURE 

- INFRARED 
PHOTOGRAPHY 
FOR SURF. TEMP. 
MAPPING OF THE 
FRONT OF THE VANE 


VANE 


-COOLING AIR TEMP. 

7 

-COOLING AIR PRESS. 

31 

- GAS PATH TEMP. 

11 

- GAS PATH PRESS. 

65 

- METAL TEMP. 

68 

-HEAT FLUX 

40 


COMB. AIR/GAS PATH 

-TEMP. 

12 

- PRESS. 

12 

- AIR FLOW 

1 

-FUEL FLOW 

2 

- METAL TEMP. 

24 



(a) Summary ol rig instrumentation. (Note that blades are removed from turbine disk.) 



(b) Full coverage film cooled stator vane airfoil cross section showing typical sensor 
locations. (Dashed lines denote film-cooling holes.) 

Figure 4.— Turbine rig research instrumentation. 



Figure 5.— Dual-element gas temperature probe. 


Figure 6.— Typical thin-film thermocouple installation on an airfoil pressure surface. Lead wires have not been 
attached. 
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TF 15 
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TEMPERATURE 

niFFFRFNnP 



0 .2 .4 .6 .8 1.0 0 .2 .4 ,6 .8 1.0 

DIMENSIONLESS SURFACE OISTANCE, X/L 


(a) Suction surface. (b) Pressure surface. 

Figure 12.— Film-cooled heat-transfer coefficients tor method 2 calculated by the STANCOOL 
boundary-layer code. 
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(a) Two circumferential locations are compared with un- 
published data from combustor development tests 
(case 11). 
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(b) Circumferential distribution of local pattern factor from combustor 
development tests. Conditions similar to case 11. The hot spots are 
highlighted. 


Figure 1 3.— Typical gas total temperature profile af station 4 (combustor exit). 



|(V/V C ,) 4 . 0.231 



(a) Hub section. Radius ratio, 0.650. 


(V/V„) 4 , 0.231 



(b) Mean section. Radius ratio, 0.925. 


(V/V cr ) 4 - 0.231 



(c) Tip section. Radius ratio, 1.000, 
Figure 14— Turbine design velocity diagram. 
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DIMENSIONLESS SURFACE DISTANCE, x/L 


Figure 15.— Surface static-to-total pressure distribution variation with exit critical 
velocity ratio. Reynolds number, Re, 1.90x10®. 



DIMENSIONLESS SURFACE DISTANCE, X/L 
Figure 16.— Surface static-to-total pressure distribution variation with Reynolds number. 
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(c) Reynolds number, 2.5X10 6 . 
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(d) Constant gas temperature, 2240 °F. 

Figure 17— Thermal scaling results from the full coverage film cooled vane tests. 






HEAT-TRANSFER COEFFICIENT, BTU/HR/FT 2 /“F 



(a) Reynolds number, 0.55X1 0 6 . 



(b) Reynolds number, 1 .20X10®. 
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DIMENSIONLESS SURFACE DISTANCE, X/l 
(c) Reynolds number, 1 .90X10®. 


Figure 18— Experimental heat-transfer coefficients compared with STAN5 code 
predictions for airfoil suction surface. 



(b) Reynolds number, 1 .20X10®. 



DIMENSIONLESS SURFACE DISTANCE, X/L 
(c) Reynolds number, 1 .90X10®. 

Figure 19— Experimental heat-transfer coefficients compared with STAN5 code 
predictions for airfoil pressure surface. 
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